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INTRODUCTION

Five years ago, the Earth Science Department at Georgia Southwestern
College sponsored a “Symposium on the Petroleum Geology of the Georgia
Coastal Plain.” The symposium was well attended and the proceedings
volume, which was published by the Georgia Geological Survey as Bulletin 87,
was so well received that it quickly sold out and has been out-of-print for
several years.

Encouraged by that success and spurred by the initiation of offshore
drilling in the Southeast Georgia Embayment, we decided that 1979 was a
good time to review our knowledge of Atlantic and Gulf Coastal Plain geology.
Recent exploratory drilling and seismic prospecting have provided much new
data with which to interpret the complicated picture of subsurface coastal
plain stratigraphy and basement structure.

The increasing population and industrial expansion of the Atlantic and
Gulf Coastal Plains, however, have also placed new strains on the geohydro-
logic system and created a multiplicity of problems in environmental geology
which were only anticipated five yearsago. Thus, the 1979 symposium was not
confined to petroleum geology, but was expanded by the addition of a large,
well-attended session on environmental geology and hydrology.

Geologic investigations in the Southeast are continuing at a high level of
activity, and new information is constantly developing which indicates that our
past concepts of the stratigraphy and structure of this region may have been
greatly oversimplified. We predict that the next symposium will have even
greater scope than the 1979 session.

Daniel D. Arden,

Barry F. Beck, and

Eleanore Morrow —
The Editors
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Keynote Paper

BIOSTRATIGRAPHY, SEA LEVEL FLUCTUATIONS, SUBSIDENCE RATES,
AND PETROLEUM POTENTIAL OF THE
SOUTHEAST GEORGIA EMBAYMENT

C. Wylie Poag
U.S. Geological Survey
Woods Hole, Massachusetts

ABSTRACT

The foraminiferal record in the COST GE-1 well, Sou-
theast Georgia Embayment, permits the recognition of
discrete biozones, paleoenvironments, and depositional
hiatuses, and thereby provides a basis for estimating the
magnitude of sea-level fluctuations, sediment accumula-
tion rates, and subsidence rates of the Georgia-Florida
continental shelf. The age of sedimentary rocks in the
GE-1 well ranges from Early Cretaceous (Valanginian?)
to Pleistocene, and a variety of paleoenvironments are
represented (e.g., terrestrial, continental shelf, upper con-
tinental slope). Eight major hiatuses represent intervals of
erosion and nondeposition and are correlative with low
stands of global sea level. Conversely, the deepest water
paleoenvironments correspond to high stands of global
sea level. Generally, the rates of sediment accumulation
fluctuated in unison with changing paleoenvironments.
For example, accumulation was most rapid (5.0 to 6.4
cm/1000 yrs) in terrestrial or shallow marine biotopes that
developed during the Early Cretaceous, the middle and
late Eocene, and the middle Miocene. Accumulation rates
were slowest (1.3 to 2.5 ¢cm/1000 yrs) in deep marine
environments during the Late Cretaceous, early Oligo-
cene and Pleistocene. Two complementary methods of
calculating subsidence rates at the GE-1 well site indicate
the significant effect of sediment loading. Periods of most
rapid subsidence correspond to periods of rapid sediment
accumulation, whereas periods of uplift of the shelf cor-
respond to episodes of erosion or nondeposition. Subsi-
dence was greatest during the Cretaceous and early Ter-
tiary, and uplift has been dominant since the middle
Oligocene. A poor potential for significant petroleum
production in the Southeast Georgia Embayment is
attributed to the low geothermal gradient coupled with
the shallow burial of potential source beds that resulted
from the numerous intervals of erosion and nondeposi-
tion during Cenozoic time.

INTRODUCTION

The first deep stratigraphic test well (COST GE-1)
inthe Southeast Georgia Embayment was drilled by
the Ocean Production Co. between February 22 and
May 31,1977. The well site (fig, 1) islocated approx-
imately 74 nautical miles east of Jacksonville, Fla.,
at lat. 30°37°08” N and long. 80°17'59” W near the
edge of the continental shelf (water depth,41.5 m;

total depth of well,3966 m). Two preliminary reports
concerning the structure, stratigraphy, petrography,
organic chemistry and petroleum potential of the
GE-1 well have been published by the U.S. Geologi-
cal Survey (Amato and Bebout, 1978; Scholle, 1979).
The purpose of this report is to review the stratigra-
phic sequence penetrated by the GE-1 well, to pres-
ent paleoenvironmental interpretations, to relate
these results to global sea-level cycles and to basin
subsidence, and to comment briefly on the petro-
leum potential of the Southeast Georgia
Embayment.

GEOLOGIC SETTING

The COST GE-1 well was drilled on the western
side of a narrow basement ridge that separates the
Triassic rocks of the Southeast Georgia Embay-
ment from Triassic and Jurassic rocks in the Blake
Plateau Basin (Dillon and others, 1979, and this
volume; my figs. 1,2). However, the Cretaceous and
Cenozoic rocks penetrated by the GE-1 well are
structurally continuous with their equivalentsin the
Blake Plateau Basin. Seismic profiles show that the
3279 m of Cretaceous and Cenozoic rocks pene-
trated by the GE-1 well are part of a flat-lying, struc-
tureless sequence of evenly bedded rocks that
crosses the basement ridge without perturbation
and thins gradually landward and basinward from
the GE-1 well (Dillon and others, 1979, and this
volume; my fig. 2). The basement ridge was pene-
trated a total of 687 m and consists of metamor-
phosed sedimentary and igneous rocks interbedded
with volcanic rocks. Radiometric dating of this
metamorphic basement yielded an average date of
355 + 3 m.y. (Late Devonian; Simonis, 1979).

The COST GE-1 well, located in the east central
part of the Southeast Georgia Embayment, is the
only offshore drill hole in the embayment that has
penetrated pre-Cretaceous rocks. Cenozoic rocks,
however, have been sampled in three additional
core holes located toward the northern, western,
and southern margins of the embayment (AMCOR
6002, JOIDES 1, and JOIDES 2; my fig. 2; Schlee,
1977; Poag and Hall, 1979).
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Figure 1.

Location of drill holes and major geologic
structures superimposed on bathymetric map
of the Georgia-Florida continental margin.
(COST = Continental Offshore Stratigraphic
Test; AMCOR = Atlantic Margin Coring Pro-
ject; J = JOIDES = Joint Oceanographic Insti-
tutions for Deep Earth Sampling).
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STRATIGRAPHY

The stratigraphic record of the COST GE-1,
AMCRO 6002, JOIDES 1 and JOIDES 2 bore holes
has been described on the basis of micropaleontol-
ogy, lithology, and petrography (Amato and Bebout,
1978; Poag and Hall, 1979; Valentine, 1979; Rhode-
hamel, 1979; Halley, 1979). The sedimentary section
at COST GE-1 consists of 1000 m of Cenozoic rocks
resting disconformably on 700 m of Upper Cretace-
ous rocks, which in turn lie disconformably on 1600
m of Lower Cretaceous rocks (fig. 3). Two thirds of
the Cenozoic section is Eocene in age; at least six
regional hiatuses represent interruptions in the
deposition of the remaining Cenozoic strata (fig. 3)
and can be traced regionally in the other core holes

and by means of seismic reflection profiles (Paull
and Dillon, 1979; Poag and Hall, 1979). All of the
Upper Cretaceous stages except the Cenomanian
are represented in the COST GE-1 well. However,
an erosional interval in the early Paleocene appar-
ently removed the upper Maestrichtian; the lower
Coniacian and upper Turonian rocks also are miss-
ing. Microfossils as old as Aptian in age have been
identified in the GE-1 well (Amato and Bebout, 1978;
Poag and Hall, 1979; Valentine, 1979). | have extrap-
olated sedimentation rates in order to estimate Bar-
remian through Valanginian ages for the lowest Cre-
taceous rocks. These estimates agree with the
seismic interpretation that Jurassic rocks are not
present at this well site (Dillon and others, 1979).
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In general terms, the Oligocene through Pleisto-
cene rocks are unconsolidate gray, calcareous,
quartzose sands, claystones, and limestones. The
underlying thick Eocene rocks are chiefly white and
tan dolomitic, cherty limestone. The Paleocene
lithology is similar, but includes more clay. A major
lithologic change occurs across the disconformable
Cenozoic-Cretaceous boundary. Upper Cretaceous
rocks are dark-gray calcareous mudstones and
claystones with chalky intercalations.

Albian rocks are gray sandstones, limestones and
dolomites, with thin evaporite beds. Aptian and
older rocks encompass arkosic sandstones, red and
brown shales, and occasional evaporite beds and
coal seams. The basal Cretaceous rocks are coarse
conglomerates (see Rhodehamel, 1979).

PALEOENVIRONMENTS

The rocks penetrated by the COST GE-1 well
were deposited in a variety of sedimentary environ-
ments (fig. 4B), ranging from terrestrial conditions
during the Early Cretaceous to upper continental
slope conditions (~ 500 m water depth) during the
Late Cretaceous, middle Oligocene, and middle
Miocene (Poag and Hall, 1979). Two major deposi-
tional cycles can be distinguished from the Cre-
taceous part of the paleobathymetric curve. The
earliest depositional cycle was initiated with chiefly
nonmarine accumulation, but during the Aptian,
marine conditions developed and transgression
culminated in middle shelf deposition (~100 m
depth) during Albian time.

Aftera Cenomanian regression, the second major
cycle began with the return of shallow shelf condi-
tions; gradually deepening water culminated in
upper slope conditions {(~ 500 m) during Campan-
ian and earliest Maestrichtian time.

These paleobathymetric fluctuations correlate
remarkably well with the cycles of global sea-level
change presented by Vail and others (1977; my fig.
4A). The deep water intervals represent high stands
of sea level, and the nonmarine and hiatal intervals
correspond to low stands of sea level. Supercycles
Ka and Kb of Vail and others (1977) are clearly
defined by the paleobathymetric curve.

The cyclical patternis not as well displayed in the
Cenozoic part of the paleobathymetric curve
because of the frequent interruption of the section
at COST GE-1 by hiatuses. But it can be readily
observed that in the Cenozoic, too, the hiatuses
correspond to low sea-level stands, and the deepest
water intervals (middle Oligocene, middle Miocene,
upper Pliocene) correspond to high sea-level stands
(fig. 4A, B). Similar records of depositional cycles
are present in the AMCOR 6002, JOIDES 1, and
JOIDES 2 core holes (Poag and Hall, 1979).

SEDIMENT ACCUMULATION RATES

The record of sediment accumulation rates in the
COST GE-1 well reflects clearly the paleobathymet-
ric fluctuations {(presuming that accumulation rate
varies inversely with distance from the sediment
sources; (fig. 4C). For example, highest rates {(~, 6.5
cm/1000 yrs) were maintained during the Early Cre-
taceous phase of terrestrial deposition. Lowest
rates (1.3 cm/1000 yrs), in turn, developed during
the deep-water Campanian-Maestrichtian interval.
However, two pulses of high sedimentation rate do
not reflect the paleobathymetry. The first of these
two exceptional pulses took place during the middle
and late Eocene. During this time, the paleodepth
increased from middle shelf (~ 100 m) to outer shelf
depths (~ 200 m), presumably moving the shoreline
farther from the GE-1 well site. However, the
embayment at this time was the site of high produc-
tivity among the carbonate-secreting organisms
and the thick accumulation of biogenic carbonate
created a wide, rapidly prograding carbonate shelf.
The second Cenozoic pulse of unusually rapid sed-
iment accumulation took place during the middle
Miocene, when upper slope paleodepths existed at
COST GE-1. Apparently, major climatic changes
during the Miocene, as indicated by the cool-water
diatom and radiolarian assemblages (Abbott, 1979),
allowed rapid erosion of the continent; a great
thickness of middle Miocene terrigenous sediments,
rich in biogenic silica, accumulated all along the
Atlantic margin of the U.S. (Poag, 1978; Poag and
Hall, 1979). The Pleistocene sedimentation rates are
also somewhat anomalous, for although water
depths were moderate and the shoreline was often
near the well site, erosion during the glacial low
stands of sea level removed most of what had
accumulated during the interglacial intervals.

SUBSIDENCE OF THE BASIN

Poagand Hall (1979) have shown that subsidence
of the basement beneath the Southeast Georgia
Embayment can be calculated in two ways. The first
calculation yields an average “uncorrected rate of
subsidence” of the basement (uRs; it is “uncor-
rected” because the rate was not corrected for short-
ening of the sedimentary column that resulted from
compaction; fig.4D). This average curve is based on
the average subsidence rate of the major series and
stage boundaries from the time of original deposi-
tion to the present. The second method of calculat-
ing subsidence rates yields an incremental “uncor-
rected rate of subsidence” of the basement. This
incremental curve is based on the subsidence rate
of each major stage and series boundary from the
time of original deposition to the end of the respec-
tive age or epoch and is also uncorrected for com-
paction (fig. 4D).
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The average curve shows that the basement of the
Southeast Georgia Embayment subsided at a mod-
erate rate of .2 cm/1000 yrs from the beginning of
Lower Cretaceous deposition tothe middle Eocene.
During the middle Eocene, the subsidence rate
began to diminish (this also was approximately the
time thatinitial outbuilding of the present continen-
tal shelf took place; see Paull and Dillon, 1979).
Stasis was reached during the early Oligocene and,
since that time, the relative motion of the basement
andthe shelf has been upward at a steadily increas-
ing rate. The Pleistocene average rate upward was
2.5 ¢m/1000 yrs.

The calculated incremental values (solid part of
incremental curve; fig. 4D) are consistently higher
rates of basement subsidence than the values of the
average curve, except for the Cretaceous-Cenozoic
boundary interval (fig. 4D). Because the sum of all
the incremental rates theoretically should equal the
average rate, we must infer that during the time
represented by the hiatuses (when the shelf was
freed ofits load of water, and when erosion removed
the upper rock layers), the basement rebounded,
andrelative movement was upward. This rebound is
indicated by the dashed lines in the incremental
curve (fig. 4D). The inference that uplift accompan-
ied shelf unloading is consistent with the work of
Stecklerand Watts (1978) who showed that the chief
cause of basement subsidence in the Baltimore
Canyon Trough (a strucural feature analogous to
the Southeast Georgia Embayment) is sediment
loading.

It should be pointed out that the values used for
sea-level height and paleodepth used in the subsi-
dence calculations are gross estimates derived from
Vail and others (1977) and from Poag and Hall
(1979). | assume that further refinement of these
estimates (for example, Pitman, 1978; Watts and
Steckler, 1979) will alter the magnitude of the calcu-
lated subsidence rates. But it seems clear that the
rate of basement subsidence increased when sedi-
ment accumulation rates on the shelf increased
(Pitman, 1978; Watts and Steckler, 1979). Conver-
sely, the subsidence rate of the basement decreased
(or changed to uplift) when shelf sedimentation
decelerated or ceased, or when the shelf was eroded.

PETROLEUM POTENTIAL

Analyses of total pyrolytic hydrocarbon vyield,
total extractable hydrocarbon, and total organic
carboninthe GE-1 wellindicate that only the Upper
Cretaceous rocks can be considered as potential
source rocks (Miller and others, 1979). Unfortu-
nately, though, the present geothermal gradient is
low (16.2° C/km; Robbins, 1979) and apparently was
not significantly higher at any time since the Late
Cretaceous. Seismic reflection profiles indicate that

the Upper Cretaceous rocks of the Southeast Geor-
gia Embayment have never been buried signifi-
cantly deeper than their present depth (Dillon and
others, 1979). As a result of these conditions, the
organic carbon of the Upper Cretaceous rocks has
not been sufficiently heated to produce liquid hydro-
carbons.

The number and magnitude of the hiatus present
in the Cenozoic section of the GE-1 well are indica-
tive of the shallow burial of the Upper Cretaceous
strata and their resulting thermal immaturity. The
total time span represented by the Cenozoic hia-
tuses is 34 m.y., which is more than half that era.
Thus, I conclude that the petroleum potential for the
Southeast Georgia Embayment is minimal.

SUMMARY

The Southeast Georgia Embayment at the COST
GE-1 well site contains ~1000 m of Cenozoic rocks,
~700 m of Upper Cretaceous rocks, and ~1600 m
of Lower Cretaceous rocks that lie unconformably
on metamorphosed Upper Devonian basement. The
sedimentary record is incomplete, however, for
eight hiatuses representing 45 m.y. of geologic time
have been recognized.

Paleobathymetric cycles in the Cretaceous sec-
tion correlate closely with the global sea-level
cycles postulated by Vail and others (1977), sug-
gesting direct cause and effect. The Cenozoic
cycles are obscured by numerous hiatuses, but
even so, itis obviousthatthe deepest water intervals
correlate with high sea-level stands, and the hia-
tuses correspond to low sea-level stands. Sediment
accumulation rates fluctuated in general unison
with the paleobathymetric and eustatic cycles.
Exceptions occurinthe middle and late Eocene and
middle Miocene when high biogenic carbonate
production and rapid terrestrial erosion, respec-
tively, created unusually high rates of deposition.
Thus, the Southeast Georgia Embayment appears
to be an excellent place to test and refine the
hypothesis of global sea-level cycles. Petroleum
potential of the basin is minimized by the low geoth-
ermal gradient and the shallow burial of the Upper
Cretaceous rocks, which contain the only potential
petroleum source beds.
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PALYNOSTRATIGRAPHY OF THE BASAL CRETACEOUS UNITS OF THE
EASTERN GULF AND SOUTHERN ATLANTIC COASTAL PLAINS

Raymond A. Christopher
U.S. Geological Survey
Reston, Virginia

ABSTRACT

Palynologic examination of samples from the Tusca-
loosa Group (or Formation) of Alabama and extreme
western Georgia, the subsurface Atkinson Formation of
coastal South Carolina and Georgia, and the updip equi-
valents of Unit F in northern North Carolina suggests that
they are biostratigraphically equivalent, and all can be
placed in pollen zone IV of late Cenomanian (middle
Eaglefordian) Age. Likewise, the Eutaw Formation of Ala-
bama and extreme western Georgia, the Cape Fear, Mid-
dendorf, and basal part of the Black Creek Formations of
the Carotinas, some of the units mapped as Tuscaloosain
central and eastern Georgia, and the subsurface unit des-
cribed as “beds of Austin age” in coastal South Carolina
and Georgia are biostratigraphic equivalents, and can be
placed in pollen zone V of latest Coniacian and (or) San-
tonian (early and middle Austinian) Age. Palynologic
characteristics of zones IV and V as they occur in the
eastern Gulf and southern Atlantic Coastal Plains are
discussed. The two biostratigraphic units recognized are
separated by a hiatus representing the Turonian and all
but possibly the latest Coniacian (late Eaglefordian and
earliest Austinian).

In the updip section, zone IV occurs in outcrop from
Alabama into extreme western Georgia. From this point
eastward and northward, deposits of zone 1V age pinch
outand are overlain by lithologic units of zone V age. Only
in northernmost North Carolina do lithologies of zone IV
age again occurin the updip section. Zone |V does occur
inthe subsurface of coastal Georgia and all but the north-
ernmost part of South Carolina. Drill cuttings from the
traditional Lower Cretaceous section of extreme south-
western Georgia also contain assemblages of zone IV
age. The updip and subsurface studies suggest that the
landward limit of zone IV occurs somewhere between the
outcropping Cretaceous units and coastal South Carolina
and Georgia.

INTRODUCTION

Palynologic studies of numerous samples of the
outcropping basal Coastal Plain units between Ala-
bama and North Carolina and the basal subsurface
units of coastal Georgia and South Carolina permit
a biostratigraphic evaluation to be made of the rela-
tionships among them (localities 1-23, fig. 1). The
lithostratigraphic units examined are: the outcrop-
ping Tuscaloosa Group (or Formation) and Eutaw
Formation of Alabama and extreme western Geor-
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gia; the Cape Fear Formation, the Middendorf For-
mation, the basal part of the Black Creek Formation
and other units formerly mapped as Tuscaloosa in
Georgiaand the Carolinas; the subsurface Atkinson
Formation; Unit F of Brown and others (1972); and
the “beds of Austin age” as described by Applin and
Applin (1967). According to results of these exami-
nations, the lithostratigraphic units listed here can
all be included in one of two existing pollen zones
established for the Cretaceous System of the middle
Atlantic states. Specifically, assemblages charac-
teristic of polien zone IV of late Cenomanian (mid-
dle Eaglefordian) Age occur in:

1. the Tuscaloosa Group (or Formation) of Ala-
bama and extreme western Georgia;

2. the subsurface Atkinson Formation:;

3. Unit F of Brown and others (1972).

Assemblages characteristic of pollen zone V of
latest Coniacian and (or) Santonian (early and mid-
dle Austinian) Age occur in:

1. the Eutaw Formation of Alabama and western
Georgia,

2. the Cape Fear, Middendorf, and the basal part
of the Black Creek Formations of the
Carolinas;

3. much of the units formerly mapped as Tusca-
loosa in Georgia and the Carolinas; and

4. “beds of Austin age.”

Ages assigned to these zones suggest that the Tur-
onian and all but possibly the uppermost part of the
Coniacian (upper part of the Eaglefordian and basal
part of the Austinian) are absent in the eastern Gulf
and southern Atlantic Coastal Plains. The purpose
of this paper is to informally describe the palyno-
logic assemblages by which these biostratigraphic
zones are recognized and to illustrate the relation-
ships between the basal biostratigraphic and lithos-
tratigraphic units of the Alabama, Georgia, South
Carolina, and North Carolina Coastal Plains.

STRATIGRAPHIC PALYNOLOGY

Ten pollen zones have been recognized in the
Cretaceous System of the middle Atlantic states
(fig. 2). The Upper Cretaceous zones IV and V estab-
lished by Doyle (1969a) and Sirkin (1974), respec-
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Figure 1. Outcrop pattern of the Cretaceous System of the eastern Gulf and southern Atlantic Coastal Plains
Lithostratigraphic units sampled include the Tuscaloosa Group (or Formation) of Alabama and extreme
western Georgia (localities 1, 2, 4), the Eutaw Formation of Alabama and extreme western Georgia
(localities 3 and 4), units mapped as Tuscaloosa in central and eastern Georgia (localities 5-9), the
Middendorf Formation (localities 11 and 12), the Cape Fear Formation (locality 13), the basal part of the
Black Creek Formation (locality 13), Unit F of Brown and others (1972; locality 14), the Atkinson
Formation (localities 15-22), “beds of Austin age” as described by Applin and Applin (1967, localities
15-22), and beds correlative with the Lower Cretaceous as described by Applin and Applin (1964, 1965;

locality 23).

tively, for the Raritan and Magothy Formations of
New Jersey have been modified by Doyle and Rob-
bins (1977) and Christopher (1977a, in press). The
following two sections describe the characteristics
of zones |V and V in the eastern Gulf and southern
Atlantic Coastal Plains. These characterizations are
based on:

1. Fourteen outcrop samples of the Tuscaloosa,
Eutaw, Cape Fear, Middendorf, and Black
Creek Formations of the southeastern United
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States, and the “Tuscaloosa” Formation of
central and eastern Georgia.

. Thirty-four cuttings samples from wells that

penetrated the Atkinson Formation and “beds
of Austin age” in coastal South Carolina and
Georgia (localities 18 through 22, fig. 1).

. One hundred fifty-seven core samples from

boreholes of the Tuscaloosa and Eutaw For-
mations and Unit F of Brown and others (1972)
in Alabama, Georgia, and North Carolina.
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Figure 2. Palynological zonation of the Cretaceous

System of the middle Atlantic states.

Palynological characteristics of zone IV in the Coastal
Plain of the southeastern United States

In general, assemblages from pollen zone IV in
both outcrop and subsurface samples contain an
abundance of moderately to well-preserved paly-
nomorphs, consisting of a wide variety of pterido-
phyte spores, gymnosperm pollen, angiosperm
pollen,andinsamples from Alabama, a few dinofla-
gellate cysts and acritarchs.

Many of these forms range into younger zones
and are not considered biostratigraphically useful.
The forms discussed below were not all found
together in every assemblage examined from zone
IV, but all have been found useful guides to the zone
at more than one locality. The biostratigraphically
significant palynomorphs from zone IV of the east-
ern Gulf and southern Atlantic Coastal Plains are:
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Nevesisporites sp. (pl. 1, fig. 1). This species is
characterized by a narrow cingulum, laesurae that
bifurcate at their ends, and thin, closely spaced
cicatricose striae on the proximal surface that are
oriented obliquely totherays of the laesurae. Neves-
isporites sp. occurs with a low relative frequency in
all samples in which it has been observed, but its
distinctive morphology and consistent occurrence
make it a potentially useful guide to zone IV.

Equisetosporites spp. and Welwitschiapites sp.
(pl. 1, figs. 2-7). Although only a few specimens of
Equisetosporites (pl. 1, figs. 2-5) have been
observed in samples from zone V, polyplicates,
represented by these two genera, are more diverse
and generally more abundantin zone IV than in the
overlying zones. In addition, Welwitschiapites sp.
(pl. 1, figs. 6, 7), with its numerous thin ribs orna-
menting its outer exinal layer, appears to be res-
tricted to zone |V, especially in samples from the
outcropping Tuscaloosa Group (or Formation).

Corolina torosus (Reissinger) Klaus 1960 emend.
Cornetand Traverse 1975 (pl. 1, fig. 8). This species
is consistently present in samples from zone IV. In
the stratigraphically higher zones, however, Corol-
inais rarely found, and where present, the genus is
represented by a morphotype that is one-half to
three-quarters of the diameter of those from zone
V.

Fraxinoipollenites rotundus sensu Phillips & Felix
1971 (pl. 1, fig. 9), "Retitricolpites” geranioides
Couper sensu Brenner 1963, (pl. 1, figs. 10, 11), and
Tricolpites wilsonii Kimyai 1966 (pl. 1, fig. 12).
These forms are among the more commonly occur-
ring and morphologically distinctive tricolpate and
tricolporates pollen typesthat are restricted to zone
IV.

PAjatipollis tetraedralis (Bolchovitina) Krutzsch
1970 (p!. 1, fig. 13). A species of small permanent
tetrad with poroid apertures arranged according to
“Garsides Law’ appears to be restricted to zone 1V
and therefore serves as a guide to that zone. The
species closely resembles the form described as
Ajatipollis tetraedralis (Bolchovitina) Krutzsch
1970, which has been referred to as cf. Ajatipollis
tetraedralis by Doyle and Robbins (1977).

Atlantopollis verrucosa (Groot & Groot) Goczan,
Groot, Krutzsch & Pacltova 1967 (pl. 1, fig. 14) and
Complexiopollis spp. (pl. 1, figs. 15-21). The most
characteristic microfloral elements of zone |V are
the distinctive Normapolies forms referred to the
general Complexiopollis and Atlantopollis. Atlan-
topollis is represented by a single species. A, verru-
cosa (Groot & Groot) Goczan, Groot, Krutzsch &
Pacltova 1967 (pl. 1, fig. 14). This species has not



been recorded from zone V. Most of the species of
Complexiopollis from zone IV are as yet undes-
cribed, the single exception being C. funiculus
Tschudy 1973 (pl. 1, fig. 16). Although the genus
Complexiopollis occurs throughoutzones Vand V,
most species from the two units can be clearly dif-
ferentiated on the combined basis of two morpho-
logic characteristics. First, the majority of Complex-
iopollis species from zone IV exhibit some type of
low sculptural elements (pl. 1, figs. 15, 18, 19),; typi-
cally, this type of sculpturing is absent in species
from stratigraphically higher zones (see pl. 2, figs.
23-27). Second, the exine of most species from zone
IV possess a discernible columellate layer, at least
inthe region of the exogerminal (pl. 1, figs. 15-21), if
not around the entire grain. This columellate layer, if
present, is not visible with light microscopy in spe-
cies from zone V.

The only species of Complexiopollis from zone IV
that has been observed in zone V is C. funiculus (pl.
1, fig. 16), although it is not known if the species
ranges throughout the zone.

Palynological characteristics of zone V in the Coastal
Plain of the southeastern United States

Pteridophyte spores and gymnosperm pollen are
found infrequently or sporadically in zone V, ther-
eby limiting their biostratigraphic utility. Angios-
perm pollen is much more diverse and has a higher
relative frequency in zone V than in zone IV. As a
result of these two factors, | have based my palyno-
logical characterization of zone V exclusively on
angiosperm pollen; more specifically, it is charac-
terized by the occurrence of several morphologi-
cally distinct tricolpates, tricolporates, triporates,
and Normapolles:

Nyssapollenites sp. (pl. 2, figs. 1, 2). The speciesis
characterized by its tetrahedral shape, subtriangu-
lar amb, micropunctate surface, and nexine that
thins abruptly at the colpi margins to produce a
distinctive “border” surrounding the colpi. Doyle
(19694, fig. 5h, i) illustrated a similar form from the
“Cliffwood beds" of the Magothy Formation of New
Jersey, which he referred to as “Tricolporate type
5"

Porocolpopollenites spp. (pl. 2, figs. 3-6). At least
two species of Porocolpopollenites can be deli-
neated in zone V. Both forms are characterized by
their oblate shape, circular amb, brevitricolporate
apertures, scabrate surface, and a well-developed
“postvestibulum” at each aperture. P. sp. A (pl. 2,
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figs. 5, 6) is the smaller of the two morphotypes, has
an equatorial diameter thatranges from 20to 30um,
and an exine that is 1.5 um thick. The equatorial
diameterof P. sp. B (pl. 2, figs, 3, 4) ranges from 30to
45 um, and its thinner exine measures 1 um. Poro-
colpopollenites sp. A and P. sp. B have previously
been reported from the Eutaw Formation of western
Alabama by Leopold and Pakiser (1964) as Poro-
colpopollenites orbiformis Thomson & Pflug 1953,
and Porocolpopolienites Thomson & Pflug 1953
(some unnamed species), respectively. Doyle
(1969a) and Doyle and Robbins (1977) illustrated a
form similar to Porocolpopollenites sp. B from the
South Amboy Fire Clay Member of the Raritan For-
mation of New Jersey.

Tricolporate type 34 (pl. 2, figs. 7, 8). Awiderange
of morphologic variation is displayed by the forms
referred to here as Tricolporate type 34. All are
oblate, and have a triangular amb and reticulate
ornamentation. The equatorial diameter of most
forms is relatively uniform, ranging from 18 to 23
um. However, the nature of the reticulum varies
considerably. The lumina may be small and circular,
orlarge with irregular or polygonal shapes; the muri
may be thick or thin, low or high. At present, | do not
know if it would be advantageous to treat the mor-
photypes as a single species or as a series of closely
related species because sufficient stratigraphic
work has yet to be carried out. Forms similar to
Tricolporate type 34 were reported by Leopold and
Pakiser (1964, pl. 8, figs. 73-77) from the Eutaw
Formation of western Alabama as Pollenites kruschi
(R. Potonie) “asp. pseudolaesus” (R. Potonie)
Thomson & Pflug 1953. Doyle (19694, fig. 5j, k) also
illustrated a similar form from the Magothy Forma-
tion of New Jersey, which he referred to as “Tricol-
porate type 6."”

Cupuliferoidaepollenites sp. (pl. 2, fig. 9). This
species, withits unsculptured exine is characterized
by its sexine, which is thickest in the mesocolpia
and thins toward the colpi margins. Cupuliferoi-
daepollenites sp. is generally a rare element of the
zone V microflora.

Tricolpites sp. (pl. 2, figs. 10, 11). This species,
with its finely reticulate sexine, shows a nexine that
is thickest in the mesocolpia, thinning toward the
colpi margins. The species is common to abundant
in assemblages from zone V.

Myrtacidites sp. (pl. 2, figs. 12, 13). This species
lacks surface ornamentation, and characteristically
shows a separation of nexine and sexine in the vicin-
ity of the pore. Myrtacidites sp. is present in most
samples from zone V, but whereas it is a common
elementin samples from the basal part of the zone, it
is rare in samples from the upper part.



Tricolporate type 69 (pl. 2, figs. 14, 15). Like Myr-
tacidites sp., this species exhibits a distinctive exi-
nal structure, with a relatively thick nexine separ-
ated from a thin sexine by a distinct columellate
layer. In most specimens, the columellate layer is
thickest near the aperture margins. Tricolporate
type 69is common in samples from the basal part of
zone V, but is rare in the upper part of the zone.

Holkopollenites spp. (pl. 2, figs. 16-22). | have
recognized several morphotypes of this genus in
zone V, the most commonly occurring of whichis a
large (25t0 30um) form with a thick nexine in which
the channeling of the nexineis morerandomthanin
typical representative of the genus (for example, the
type species, Holkopollenites chemardensis Fair-
child in Stover, Elsik & Fairchild, 1966). This species
closely resembles the morphotype referred to by
Wolfe (1976) as CP3E-1 from the Campanian-aged
Merchantville, Woodbury, Englishtown, Marshall-
town,, Wenonah, and Mount Laurel Formations of
the middle Atlantic stales. Although the forms from
zone V of the southeastern Coastal Plain may even-
tually prove to be conspecific with those of Wolfe,
the amb of the specimens from zone V appear to be
more triangular than those described by Wolfe.
Other, lesscommonly occurring forms of Holkopo!-
lenites include smaller oblate forms with a triangu-
laramb (pl. 2, figs. 20-22). All species of Holkopolle-
nites occur throughout zone V.,

Triporate and Normapolles forms (pl. 2, figs. 23-
27, pl. 3, figs. 1-23). The most dramatic difference
between the palynological composition of zones |V
and V is seen in the triporate and Normapolles ele-
ments of the microflora. These pollen types are
more abundant and more diverse in zone V than in
zone |1V, with only one species occurring in both
zones [Complexiopollis funiculus Tschudy 1973 (pl.
1, fig.16)].

The genus Complexiopollis is the most com-
monly occurring Normapolles in zone V., and is
represented by a wide variety of forms (pl. 2, figs.
23-27). Most of these species can be differentiated
from those in zone IV by their reduced or lack of
ornamentation, and by the absence of a discernible
columellate layer. Many of these forms range into
higher biostratigraphic zones; with the exception of
Complexiopollis abditus Tschudy 1973 (pl. 2, fig.
24) and C. sp. D (pl. 2, fig. 25): however, none have
as high a relative frequency as they do in zone V
Leopold and Pakiser (1964) illustrated several of
these Complexiopollis species from the Eutaw For-
mation of western Alabama (their pl. 8, figs. 21-44,
47-52); Doyle (1969a) illustrated three forms from
the South Amboy Fire Clay Member of the Raritan
Formation and from the Magothy Formation of New
Jersey (his fig. 4a, c, d); Doyle and Robbins (1977)
illustrated two forms from the South Amboy Fire
Clay of New Jersey (their pl. 7, figs. 21, 23-25).
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In addition to Complexiopollis, a number of other
Normapolles and triporate forms are commonly
found in zone V, but are absent in zone IV. Among
these are Pseudoplicapollis spp. (pl. 3, figs. 1-4),
Minorpollis spp. (pl. 3, figs. 5-7), Santalacites sp. (pl.
3, fig. 8), Momipites spp. (pl. 3, figs. 9-12), and sev-
eral representatives of an undescribed genus char-
acterized by its convexly triangular amb, small,
weakly developed annuli, and a narrow interlocu-
lum or "Schichtfuge” (pl. 3, figs. 13, 14). Other Nor-
mapolles that occur as very rare elements in zone V
include Plicapollis spp. (pl. 3, figs. 15, 16), Praecur-
sipollis plebius Tschudy 1975 (pl. 3, figs. 17, 18),
Labrapollis spp. (pl. 3, figs. 19-21), Trudopollis sp.
(p!l. 3, fig. 22), and Osculapollis sp. (pl. 3, fig. 23).

Age of pollen zones IV and V

In all respects, the basal palynologic zone recog-
nized in the eastern Gulf and southern Atlantic
Coastal Plains fits the criteria for inclusionin pollen
zone IV (fig. 2) of Doyle (1969a; Doyle and Robbins,
1977). This zone has also been referred to as the
Complexiopollis Zone by Habib (1977) and the
Complexiopollis-Atlantopollis Assemblage-Zone
by Christopher (in press).

Pollen zone 1V has been considered as old as
middle Cenomanian (Wolfe and Pakiser, 1971;
Christopher, 1977b), and as young as early Turo-
nian (Doyle, 1969b; Doyle and Robbins, 1977).
However, recent unpublished palynological inves-
tigations of the Eagle Ford Group of Texas suggest
that zone IV is present within its Britton Formation,
and corresponds to the Eaglefordian part of the
Rotaliporacushmani-greenhornensis subzone
(foraminifers) of Pessagno (1969). Pessagno consi-
dered the R. cushmani-greenhornensis subzone to
be late Cenomanianin age, anditfollows that pollen
zone IV is also late Cenomanian.

A comparison of the microfloral assemblages
from zone V with those described by Leopold and
Pakiser (1964) from the McShan and Eutaw Forma-
tions of western Alabama suggests a strong biostra-
tigraphic correlation between these units. | con-
clude, therefore, that there is very little, if any, age
difference between the McShan and Eutaw Forma-
tions at their type localities in western Alabama and
zone V reported on here.

Leopold and Pakiser (1964) considered the Eutaw
Formationto be pre-Senonianin age, onthe basis of
the absence of structurally advanced Normapolles
that typify the Senonian of Europe. They suggested
that the McShan and Eutaw Formations, together
with the underlying Tuscaloosa Group, are of pre-
Senonian (latest Cenomanian and Turonian) Age,
and (or) of Coniacian Age.



In terms of its microfloral composition and rela-
tive frequencies of occurrence of the biostratigra-
phically significant pollen types, zone V of the east-
ern Gulf and southern Atlantic Coastal Plains bears
some similarity to pollen subzone V-A (fig. 2) as
described by Christopher (1977a, b; in press). On
the basis of the concurrent ranges of setected Nor-
mapolles genera in New Jersey and Europe, Chris-
topher considered subzone V-A to be late Turonian
inage, which would indicate asimilar age forzone V
described in this report. However, recent unpub-
lished investigations of the Cretaceous System of
Texas suggest that biostratigraphic equivalents of
the Eutaw Formation (that is, zone V reported on
here) occur in the Austin Group of Coniacian and
Santonian Age, rather than in the Eagle Ford Shale
of late Cenomanian and Turonian Age. On the basis
of studies of calcareous nannofossils, Charles C.
Smith (personalcommun., 1978) supported an Aus-
tinian equivalency of the Eutaw Formation, and
further suggested that the Eutaw Formation of east-
ern Alabama and western Georgia may be early to
middle Santonian in age.

In summary, the basal or older biostratigraphic
zone described in this report can be correlated with
pollen xone IV of late Cenomanian (middle Eagle-
fordian) Age, and the upper or younger zone with
subzone V-A of early to middle Santonian (early to
middle Austinian) Age. In the eastern Gulf and
southern Atlantic Coastal Plains, these zones
appear to be separated by a hiatus representing the
Turonian and all but possibly the uppermost part of
the Coniacian (upper part of the Eaglefordian and
basal part of the Austinian).

THE RELATIONSHIP OF ZONES IV AND V
TO THE BASAL OUTCROPPING AND
SUBSURFACE LITHOLOGIC UNITS
OF THE EASTERN GULF AND
SOUTHERN ATLANTIC COASTAL PLAINS

The updip section

Palynologic examination of a number of samples
from near the fall line between Alabama and North
Carolina (that is, sample localities 1-14, fig. 1)
reveals the following about the relationship
between pollen zones IV and V and the basal out-
cropping lithologic units of the area:

1. ZonelVoccursinthe outcropping Tuscaloosa
Group (or Formation) between Alabama
(localities 1 and 2) and extreme western Geor-
gia (locality 4), whereas the Eutaw Formation
of this region can be placed in zone V (locality
3; data from Leopold and Pakiser, 1964).
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2. Throughout central and eastern Georgia
(localities 5-9), outcropping units mapped as
Tuscaloosa contain assemblages that can be
assignedtozone V. Evenintheshallow subsur-
face of the Savannah River area, as revealedin
samples from a core drilled on the Savannah
River Nuclear Power Plant (locality 10), the
basal Coastal Plain deposits can be placed in
zone V.

3. The Cape Fear (locality 13), the Middendorf
(localities 11 and 12), and the basal part of the
Black Creek Formations of the Carolinas
(locality 13) all contain zone V pollen
assemblages.

4. Only in northernmost North Carolina are zone
|V assemblages again found in the updip sec-
tion. The assemblages were foundin ashallow
core drilled in Halifax County, North Carolina
(locality 14); they occur in a lithology that
Brown and others (1972) assigned to their Unit
F, which they regarded as Fredericksburgian
to Washitan in age.

It is not surprising that two distinct pollen zones
can be recognized in the Tuscaloosa Group (or
Formation) and Eutaw Formation of Alabama and
extreme western Georgia, as lithologic and other
nonpalynologic paleontologic differences between
the marginal or nonmarine Tuscaloosa and the
marine Eutaw suggest two disconformable periods
of deposition (Eargle, 1946, 1948; Monroe and oth-
ers, 1946; Applin and Applin, 1947, Conant, 1967,
Brett, 1967; Drennen, 1953; Stephenson, 1956; Sohl,
1964, and others). However, throughout central and
eastern Georgia, the basal outcropping Coastal
Plain units are nonmarine in origin, and for this
reason they have been traditionally mapped as, and
correlated with, the Tuscaloosa of Alabama. Recent
palynologic investigations (Scrudato and Bond,
1972;Cousminer,1973, Cousminer and Terris, 1973,
Tschudy and Patterson, 1975; this study) suggest
that the “Tuscaloosa” of central and eastern Geor-
giaincludes lithologies that range in age from San-
tonian (i.e., zone V of this report) to middle Eocene.
No zone IV assemblages have been reported from
this unit, and biostratigraphic correlation of the
“Tuscaloosa” of central and eastern Georgia and
the Tuscaloosa of Alabama does not appear to be
demonstrable. Rather, the oldest “Tuscaloosa” of
central and eastern Georgia appearsto be biostrati-
graphically correlative with the Eutaw Formation of
Alabama.

Throughout the Carolinas, where the basal out-
cropping Coastal Plain units have also been
mapped as Tuscaloosa (Cooke, 1936; Stephenson
and others, 1942; Spangler and Peterson, 1950;
Conley, 1962; and others), the names Cape Fear,
Middendorf, and Black Creek Formations are now



commonly applied to the basal Coastal Plain units
(Heron, 1960; Heron and Wheeler, 1959, 1964;
Heron and others, 1968; Swift and Heron, 1969; and
others). Except for the upper part of the Black Creek
Formation, which has yet to be studied in detail, all
these units can be assigned to zone V.

I do not mean to imply that all the lithologic units
inwhichzone V assemblages occur are facies of one
another and are not superimposed, because addi-
tional work may resultin asubdivision of zone V that
will allow detection of time stratigraphic differences
among them. At present, however, palynologic evi-
dence suggests that deposition of the Eutaw, Cape
Fear, Middendorf, and basal part of the Black Creek
Formations, and some of the units mapped as “Tus-
caloosa"” in central and eastern Georgia are not far
removed from one another in time.

The reappearance of zone IV assemblages in
northern North Carolina (locality 14, fig. 1) is some-
what anomalous. As discussed above, zone IV has
notbeen detected elsewhere in the updip section of
central and eastern Georgia, South Carolina, or
North Carolina. In addition, studies in Virginia sug-
gest that only Lower Cretaceous desposits are
present in outcrop in the southern part of the State.
Detailed lithostratigraphic and biostratigraphic
studies of this area are apparently needed for a
better understanding of how the northern North
Carolina units relate to Coastal Plain deposits to the
north, south, and downdip.

The downdip section

Although zone IV does not occur in the updip
section of South Carolina and most of Georgia, it
does occur in a number of coastal wells in these
states (localities 15-22, fig. 1). (A more complete
discussion of the lithostratigraphic and biostrati-
graphic relationships among these and other wells
is presented by Gohn and others, this volume). A
palynologic correlation of the Cretaceous rocks
from these eight wells is presented in figure 3.

Figure 3indicates that a thin, unfossiliferous sand
occurs at thé base of the section. The sand pinches
out both to the north and south, leaving deposits of
zone IV age resting directly on basement rocks. If
any lower Cretaceous rocks occur in the coastal
areas of South Carolina and Georgia, they are
represented by this thin sand.

Zone IV thins from south to north and apparentty
pinches out in northern South Carolina (between
localities 15 and 16). A second barren interval,
represented by a series of oxidized sands and clays,
overlies deposits of zone IV age throughout all but
the southernmost part of the section. Here, the oxid-
ized sands and clays are absent, leaving dep@sits of
zone V age resting directly on those of zone IV age.
Lithologically, desposits of zone IV age and the
upper barren interval correspond to both the lower
and upper members of the Atkinson Formation of
Applin and Applin (1967).
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Figure 3.

Biostratigraphic cross section of the subsurface Cretaceous System of coastal South Carolina and

Georgia. The section extends from basement to the Cretaceous-Tertiary boundary. Locality 15 =
Calabash Well, Brunswick County, North Carolina; locality 16 = Myrtle Beach-10th Avenue Well, Horry
County, South Carolina; locality 17 = Penny Royal Well, Georgetown County, South Carolina;locality 18
= U.5.G.S. Clubhouse Crossroads Core No. 1, Dorchester County, South Carolinaslocality 19 = Fripp
[sland Well, Beaufort County, South Carolina;locality 20 = Pan American-Union Camp Paper No. 1 Well,
Glynn County, Georgia, locality 21 = Humble-Union Bag Camp Paper ST No. 1 Well, Glynn County,
Georgia; Locality 22 = Pan American-Union Camp B-1 Well, Camden County, Georgia.



Deposits of zone V age are continuous and main-
tain a fairly uniform thickness throughout the sec-
tion. Lithologically, deposits of zone V age corres-
pond to the unit described by Applin and Applin
(1967) as "beds of Austin age.” In all wells exam-
ined, rocks of zone V age are overlain by Cretaceous
deposits of Campanian to middle Maestrichtian
Age.

SUMMARY AND CONCLUSIONS

To summarize the updip relationship between
pollenzones IV and V, we note thatapparently zone
IV occurs in the outcropping Tuscaloosa Group (or
Formation) of Alabama and extreme western Geor-
gia. Deposits of zone 1V age pinch out and are over-
ridden by youngeér lithologic units of zone V age
somewhere in extreme western Georgia, and zone

|V does not reappear in the updip section until it
reaches the northernmost part of North Carolina.
This relationship indicates that the basal outcrop-
ping Coastal Plain units of most of Georgia and the
Carolinas are of Santonian or younger age and are
not biostratigraphically correlative with the
Cenomanian-aged Tuscaloosa of Alabama.

However, inasmuch as zone |V does occur
throughout most of the coastal areas of South
Carolina and Georgia, its landward limit must be
somewhere between the outcropping Cretaceous
units and the coastal regions of Georgia and South
Carolina as depicted in figure 4. | cannot determine
at this time if this line represents the depositional
extent of sediments of zone IV age, or if deposits of
zone IV age once extended farther inland and were
eroded during the hiatus between zones |V and V
(that is, the Turonian and Coniacian).

EXPLANATION
N

1

DELINEATES THE
AN CRETACEOUS SYSTEM
APPROXIMATE LANDWARD
EXTENT

OF POLLEN ZONE IV
IN THE SUBSURFACE
OF GEORGIA

AND THE CAROLINAS

Figure 4.

QOutcrop pattern of the Cretaceous System of the eastern Gulf and southern Atlantic Coastal Plain

showing the position of the pinch out of pollen zone IV in the subsurface of Georgia and the Carolinas.
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The results of apalynologic examination of a well
localed in extreme southwestern Georgia (locality
23, fig. 1) deserve mention at this time, although the
well has yet to be tied into either the updip or coastal
subsurface sections. This well, located in the
Southwest Georgia Embayment, penetrated 2163 m
of Coastal Plain sediments before bottoming in
Paleozoic rocks. Lithologic correlation with nearby
wells suggests that lithologies below 1030 m can be
assigned to the Lower Cretaceous as described by
Applin and Applin (1964, 1965). However, four cut-
ting samples from depths between 1666 and 1945 m
contain several guide fossils to zone IV. No forms
known to be restricted to the Lower Cretaceous
were observed. If we assume down-hole contamina-
tion is not the reason for the occurrence of zone IV
palynomorphs at these depths, the Lower Cretace-
ous is apparently either absent or restricted to the
basal 213 m of the well. If the Lower Cretaceous is
absent in southwestern Georgia, as it apparently is
along the coast, then it raises the question of
whether most, if not all, of the subsurface units in
Georgia mapped as Lower Cretaceous are in reality
of zone IV (late Cenomanian) age.
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EXPLANATION

OF PLATE 1

Biostratigraphically important sporomorphs from pollen zone |V in the eastern Gulf and southern Atlantic Coastal

Plains

Figure 1
Figures 2-5
Figures 6, 7
Figure 8.

Figure 9

Figures 10, 11.

Figure 12.
Figure 13.

Figure 14,

Figures 15, 17-22,

Figure 16.

Nevesisporites sp.
Equisetosporites spp.

Welwitschiapites sp.

Corolina torosus (Reissinger) Klaus 1960 emend. Cornet and Traverse 1975,

Fraxinoipollenites rotundus sensu Phillips & Felix 1971.

“Retitricolpites” geranioides Couper 1960 sensu Brenner 1963.

Tricolpites wilsonii Kimyai 1966.

?Ajatipollis tetraedralis (Bolchovitina) Krutzsch 1970.

Atlantopollis verrucosa (Groot & Groot) Goczan, Groot, Krutzsch & Pacltova 1967.

Complexiopollis spp.

Complexiopollis funiculus Tschudy 1973.

EXPLANATION

OF PLATE 2

Biostratigraphically important sporomorphs from pollen zone Vin the eastern Gulf and southern Atlantic Coastal

Plains.

Figures 1, 2.
Figures 3, 4
Figures 5, 6.
Figures 7, 8.
Figure 9

Figures 10, 11.

Nyssapollenites sp.
Porocolpopolienites sp, B
Porocolpopollenites sp. A
Tricolporate type 34.
Cupuliferoidaepollenites sp.

Tricolpites sp.

Figures 12, 13,
Figures 14, 15

Figures 16-22.

Figures 23, 26, 27,

Figure 24.

Figure 25

EXPLANATION OF PLATE 3

Myrtacidites sp.

Tricolporate type 69.

Holkopolienites spp.

Complexiopollis spp.

Complexiopollis abditus Tschudy 1973,

Complexiopollis sp. D,

Biostratigraphically important sporomorphs from pollen zone Vin the eastern Gulf and southern Atlantic Coastal

Plains.
Figures 1-4.

Figures 5-7.
Figure 8.
Figures 9-12,

Figures 13, 14

Figures 15, 16
Figures 17, 18
Figures 19-21
Figure 22

Figure 23.

Pseudoplicapollis spp.
Minorpollis spp
Santalacites sp

Momipites spp.

Representatives of an undescribed genus characterized by its convexly triangular amb, small
weakly developed anuli, and narrow interloculum or “Schichtfuge.”

Plicapollis spp.

Praecursipollis plebius Tschudy 1975
Labrapollis spp.

Trudopollis spp.

Osculapollis sp.
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PALEOENVIRONMENT AND AGE OF KAOLIN DEPOSITS IN THE
ANDERSONVILLE DISTRICT, GEORGIA

Harland E. Cofer, Jr.
Georgia Southwestern College
Americus, Georgia

and

Norman Frederiksen
U.S. Geological Survey
Reston, Virginia

ABSTRACT

The kaolin deposits of the Andersonvilie district of
Georgia are thick and relatively pure; they grade laterally
and vertically into sandy kaolin and sand. The sedimento-
logical and mineralogical character of the clay and the
enclosing sand suggests deposition in a marine shallow-
water to estuarine environment. Palynomorph and inver-
tebrate fossil assemblages from strata adjacent to the
kaolin beds support the suggested depositional environ-
ment of the kaolin and the subsequent subaerial forma-
tion of bauxite. Movement on the Andersonville and
related faults probably influenced basinal topography
and served to maintain a restricted circulation in the
basin. Sporomorph biostratigraphy limits the accumula-
tion of kaolin and the formation of the bauxite deposts to
early Wilcox (late Paleocene) time

INTRODUCTION
The objective of this paper is to summarize the

sedimentological, mineralogical, structural, and
paleontological evidence observedin the sediments

SCALE
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of the Andersonville district and to fit this evidence
into a paleoenvironmental framework. The uitimate
objective is to explain the sequence of events lead-
ing to the formation of the kaolin-bauxite deposits
within the time frame provided by palynological
data. The authors make no attempt to cite the volum-
inous literature pertaining to the origin of kaolin
deposits of the region or of the Andersonville area.
Concepts and ideas contained within this literature
have been freely used.

LOCATION AND GEOLOGIC SETTING

The Andersonville, Ga., kaolin-bauxite district is
about 40 km south of the Fall Line which separates
the largely unconsolidated sediments of Mesozoic
and Cenozoic age fromthe older crystalline rocks of
the Piedmont. The district marks the westernmost
extent in Georgia of commercial kaolin deposits
that occupy the narrow outcrop belt of Upper Cre-
taceous and lower Tertiary rocks trending nor-
theastward across the State (fig. 1). Bauxiteis asso-
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Figure 1.
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ciated with other deposits in the kaolin belt but is of
mineable quality only in this district. At the present
time, bauxite and kaolin are mined and processed
for the manufacture of refractories and commercial
alum near Andersonville.

GENERAL STRATIGRAPHY

The formation names used in the report are those
adopted by Zapp (1965) for lithologically distinct
units in the district (fig. 2). The stratigraphy was
based in part on paleontologic evidence and in part
on lithostratigraphic similarity of strata to beds of
known age in eastern Alabama. The present authors
include the thin, freshwater to brackish-water lat-
eral equivalents of the marine Tuscahoma as part of
that formation; Zapp apparently included these sed-
iments in the Nanafalia in the central part of the
district.

The Providence Sand of Late Cretaceous age is
the oldest outcropping unit in the district. As
exposed, it consists of about 6 m of nonmarine,
coarse-grained, crosshedded arkosic sand contain-
ing clay clasts. In the subsurface, the arkosic sand
grades rapidly downward into lignitic, pyritic sand
and thence to marine sand.

The Providence is overlain by the Clayton Forma-
tion of the Midway group (lower Paleocene). The
Clayton Formation consists of about 19 m of cal-
careous, gray clayey sand and sandy clay which
contain thin limestone beds and abundant oyster
biostromes and detrital shell lenses. Overlying the
biostromal sand and clay is a variable thickness of
dark greenish-gray, micaceous, glauconitic, phos-
phatic, silty montmorilionitic clay, which contains a
planktic foraminiferal assemblage but no bottom-
dwelling fauna.

Unconformably overlying the Clayton is a thick
section (18 m) of micaceous, kaolinitic sand that
locally grades laterally and vertically through sandy
kaolin into relatively pure lenticular beds of clay.
These kaolin beds may in turn enclose thin lenses of
bauxite and bauxite clay. In the subsurface to the
west and south, the kaolinitic sand of the Nanafalia
is represented by dark-gray, tignitic sand and silt
containing scattered thin light-colored kaolin
lenses as much as a meter thick. This unit lacks
calcareous fossils but has been correlated with the
Nanafalia Formation of Alabama because of its
lithologic character and stratigraphic position
(Zapp, 1965). The Nanafalia Formationis difficult to
distinguish from the overlying Tuscahoma Forma-
tion by using sporomorphs, and some strata
assigned to the Nanafalia in the Andersonville dis-
trict may possibly be correlative with part of the
Tuscahoma to the west. The Nanafalia represents
the lowermost part of the Wilcox Group (upper
Paleocene).
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Conformably overlying the Nanafalia is the Tus-
cahoma Formation whichisalsointhelower part of
the Wilcox. It consists of laminated sands and silts
which may vary in character laterally within 100 m
from a fossiliferous, glauconitic, silty marine sand to
a lignitic, pyritic, silty kaolinitic clay. The formation
ranges in thickness from 0 to 10 m.

Crossbedded deltaic and fluvial sands, which
become progressively more marine in character
toward the top, unconformably overlie the Tusca-
homa Formation. The uppermost sand layers are
weakly crossbedded to cross laminated, are biotur-
bated, and locally are calcareous and contain a
microfauna typical of the Claiborne Group (middle
Eocene) (Grumbles, 1957). The maximum thickness
ofthe unitisabout 18 m south of Sweetwater Creek.

The uppermost Tertiary unit in the district is a
silty, clayey sand, which is locally cherty and is
presumably derived from the weathering of cal-
careous sediments of Claiborne and Jackson age
that crop out south and east of the area.

Aveneer of Quaternary alluvium covers two broad
terraces at elevations of 91 m and 103 m adjacent to
the Flint River, which bounds the district on the east.

STRUCTURE

The dominant structural feature of the area is the
slightly arcuate west-trending Andersonville fault
(fig. 1). The fault plane is nearly vertical, and the
maximum displacement of 30 m has been measured
on the top of the Clayton Formation. The southern
(seaward) block has moved upward relative to the
northern (shoreward) block. A seismic profile along
the Flint River and gravity profiles across the fault
indicate that it extends to depth  (Rountree and
others, 1978).

The regional northeast strike and gentle (4 m/km)
southeastward dip of the strata as determined on
the Clayton surface are interrupted by the Ander-
sonville fault (fig. 3). Inabroad areanorth and south
of the fault, the strike of the formation is east-west
and dip varies from horizontal to about 2.5 m/km.
Farther south the dip steepens to 15 m/km. In the
immediate vicinity of the fault, the dip is reversed
and, in places, is as steep as 60°. In the vicinity of
Mountain Creek, abrupt changes exist in dip of the
formations; a seismic profile, gravity data, vertical
escarpments in alluvium, and conspicuous line-
aments also indicate the presence of faulting

In part, the structural relief of the Clayton surface
is a result of post-Paleocene movement on the
Andersonville fault; however, lithologic variation in
the sediments of the Nanafalia and Tuscahoma
suggests intermittent movement during early Wil-
cox time. We believe that the basinal topography at
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ROCK DESCRIPTION

HREEN]SH KAOLINITIC AND MONTMORILLONITIC
RICH SHALE

RED TO REDDISH BROWN CROSS-BEDDED QUARTZOSE
SANDSTONE. CROSS-BEDDING POORLY DEVELOPED

IN UPPER PORTION BECOMING WELL DEVELOPED IN
MIDDLE PORTION, BIOTURBATION PRESENT !N MIDDLE
AND UPPER PORTIONS.

WEAKLY TO STRONGLY LAMINATED CLAYEY SANDY
SILTSTONE OCCASIONALLY BECOMING GLAUCONITIC
AND FOSSILIFEROUS., BASAL PORTION IS “RAY
PYRITIC AND CARBONACEOUS COARSE GRAINED.
LOCALLY CHANNELED SANDSTONE CONTAINING CLAY-
BALL CONGLOMERATE.,

MEDTUM TO COARSE GRAINED KAOLINITIC MICACEOUS
SANDSTONE ENCLOSING LOCAL ACCIIMULATIONS OF
KAOLIN CONTAINING BAUXITIC MASSES

DARK RAY MARINE SHALE CONTAINING QSTREA
CRENULIMARGIMATA, OCCASIONALLY GRADES
LATERALLY TO AN ARGILLACEQUS LIMESTONE OR

A GRAY ARENACEOUS SHALE CONTAINING PELECYPOD
FRAGMENTS,

LIGHT RED TO TAN MICACENUS TO SLIGHTIY
ARKU>1C SANDSTONWE. GRADES UPWARD TO A
LIGNITIC AND PYRITIC SANDSTONE.

Stratigraphic column of the Andersonville district.
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the onset of deposition of the Nanafalia was similar
to that of the subsurface map of the top of the Clay-
ton (fig. 3) with the downdropped block of the
Andersonville fault restored to the level of the adja-
cent surface.

Rountree and others {1978) proposed a major
fault extending west-northwest from 3 km south of
Mountain Creek on the Flint River to near Concord
Community, Sumter County. The present authors
believe the trend of the proposed fault is more
nearly west-southwest and that it extends from this
point on the Flint River to the vicinity of Plains, Ga.
(figs. 1, 3).
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SCALE
[] 2
KILOWETERS

Structural contour map of the top of the Clayton Formation and location of samples cited in text.

SEDIMENTOLOGY OF ROCKS
OF EARLY WILCOX AGE

Coarse, angular, micaceous sand overlies the
marine clays of the Clayton Formation. Clasts of
montmorillonitic clay derived from the Clayton
commonly are present in the lower few centimeters
of the sand overlying this formation. Where the
lowermost part of the Nanafalia is clayey and plas-
tic, clasts appear as ovoid or irregular patches of
dark-colored montmorillonitic clay embedded in
sandy kaolinitic clay. In afew localities, a dark-gray,
lignitic, clayey sand overlies the Clayton and grades
upward into kaolin.



A slightly modified computer-generated isopach
map of nearly pure kaolin (<15 percent sand and
silt) indicates a gross northwest trend in clay-body
distribution (fig. 4). The trend becomes more nearly
east-west in the vicinity of the Andersonville fault.
Thick kaolin accumulations are present where the
slope of the Clayton surface is relatively flat and
become thinner over steeper slopes (fig. 3). Atclay
depocenters, kaolin and sandy kaolin occupy
almost the entire section. Scattered incursions of
sand and silt into the clay and the spreading of clay
into sand depositional areas result in a lateral inter-
fingering of clay and sand, accentuating the lenticu-
lar shape of the deposits. Inthe south and southwest
part of the district, suspended clay appears to have
moved down the steep basinal slope and to have
become intercalated with the sands. Deposition of
clays as gravity slides or turbidity currents probably
producedthe nonbedded and poorly sorted charac-
ter ofthe sandy clay lenses associated with the more
marine facies of the Nanafalia in this part of the
studv area.

Kaolin varies from massively bedded, uniformly
colored, gray-white clay composed of nearly pure
kaolinite to finely or coarsely laminated clay in
which the bedding is marked by concentrations of
silt-size and fine sand-size mica and quartz. The
bedding may be accentuated by deposition of iron
oxides, sulfides, or carbonates by percolating
ground water.

Locally, carbonized and mineralized plant
remains in the form of rootlike structures, twig-size
fragments, and grass-bladelike impressions sev-
eral centimeters long and a few millimeters across
are present in otherwise pure kaolin (fig. 5A). Com-
monly associated with these plant remains are clay
casts or molds that have been termed by others as
bryozoan casts or filled burrows (Buie, 1978). These
reach several centimeters in length and may be
branching, curved, straight, or anastomosing (fig.
5B). The plantremains and casts both are present at
multiple horizons and are widely distributed in the
district. Casts, particularly the branching and anas-
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Modified computer generated isopach map of kaolin containing 15 percent or less coarse clastics.
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Figure 5A. Carbonized root structures in otherwise massive kaolin.
Figure 5B, Branching of clay-filled burrows in massive kaolin.
Figure 5C. Contact between kaolin and fresh-water swamp deposits in mine face.

Figure 5D. Mud cracks in kaolin infilled with overlying marine-to-brackish water deposits of the Tuscahoma
Formation in mine face.
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tomosing types, are always present in clays that
contain root structures; similar features are foundin
the absence of identifiable plant debris, however. In
a few localities, a kaolin lens may contain a layer a
meter or more thick that is rich in organic matter.
Typically, relatively pure or slightly sandy kaolin
changes within a few centimeters into a highly lig-
nitic clay (fig. 5C). This clay is typically sandy and
silty and contains small rip-up clasts of white kaolin
well above the base. The top part of the layer rich in
organic matter is fine grained and grades into the
overlying kaolin by increase of clay relative to plant
debris and some interlamination in the final few
centimeters. The deposits tend to be elongated, to
be somewhat sinuous, to coverlessthan a hectarein
area, and to grade laterally into intertonguing
clayey sand surrounding the kaolin lens. No large
wood fragments, stumps, or roots were observed in
the deposits and no root or rootlike structures
extend into the underlying kaolin.

In most cores and mine exposures, the top of the
kaolin beds contain cracks that extend downward
for a few centimeters and are infilled by material
from the overlying Tuscahoma sediments. The
dimensions, shape, and distribution of the filled
cracks, both in cross section and plan view, resem-
blethose of mud cracks (fig. 5D). Near the top of the
kaolin beds that are overlain by nonmarine Tusca-
homasediments, large, infilled, chambered burrows
most probably made by insects extend 10 or more
centimeters into the clay (fig. 6A).

Bauxite and bauxitic clays are typically com-
posed of pisolitic-structured intergrowths of kaoli-
nite and gibbsite (fig. 6B), but a few bauxite samples
are nonpisolitic. The "structureless bauxite” is a
fine-grained micro-oolitic intergrowth of the two
minerals. Bauxitic materials form tabular bodies a
few centimeters to a few meters thick within kaolin
lenses and grade into kaolin laterally and vertically.
Multiple lenses of bauxite are present within a single
kaolin deposit.

Bauxite and bauxitic clay "horizons” appear to
parallel the dip of the Nanafalia only generally. Their
elevations in adjacent kaolin lenses may or may not
be equivalent. Bauxite is not present in all lenses
and is generaily absent in southern parts of the
district, where the enclosing sands have a more
marine character

The Tuscahoma Formation conformably overlies
thesand and clay of the Nanafalia. Itis composed of
fine- or medium-grained sand which becomes inter-
laminated with silt toward the upper part of the for-
mation. In the subsurface, glauconitic, fossiliferous
sands and silts reach a maximumthickness of 9min
the southern part of the district, but they thin rapidly
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across the structural high south of the Anderson-
ville fault and become nonmarine. The formation
pinches out over part of the Andersonville uplift and
is absent in the northern and northeastern part of
the district. A marine incursion of Tuscahoma on
the downdropped block of the Andersonville fault
indicates that the formation was deposited near sea
level. The lateral transition from a glauconitic sandy
silt to a black kaolinitic silt containing abundant
carbonized wood fragments takes place within 100
minthe Wilburn Mine north of Sweetwater Creek at
location WL1 (fig. 3). In this exposure, a channel
originating in the Tuscahoma and filled by Tusca-
homa sediments cuts well into the underlying Nana-
falia. Sporomorph (spore and pollen) assemblages
from the sediments of the transition zone (WL1) and
the channel (WL1C) suggest different source areas
for the pollen (table 1). The assemblage from the
channel is more diverse than that of the adjacent
sediments, suggesting that the channel drained a
broad area supporting several plant communities.
Furthermore, the transition-zone assemblage con-
tains a much higher proportion of marine to
brackish-water microplankton (dinoflagellates and
acritarchs), whereas the channel assemblage con-
tains a higher proportion of presumably terrigenous
fungal spores (table 1). In general, the channels are
most abundant in the vicinity of the Andersonville
fault, and the drainage patterns of the channels are
directed toward the downdropped block of the fault
and are marginal to the marine sediment facies.

MINERALOGY OF ROCKS OF
EARLY WILCOX AGE

The principal clay mineral of the Nanafalia Forma-
tion is kaolinite, but montmorillonite, illite, gibbsite,
and chamosite are presentin many kaolin deposits.
The crystallinity of the kaolinite is variable. Accord-
ing to Hinckley’s (1963) indexing method, it varies
from moderately good to poor (1.4 to 0.04). The
lower parts of all kaolin lenses are somewhat less
well crystallized than the top parts (fig. 6C). Kaolin
having the highest crystallinity usually is present in
interstices of pisolitic bauxite and in=transition
(bauxitic) clay horizons (Flock, 1966). Kaolin crys-
tallinity is also high in the upper-middle parts of
lenses containing no significant gibbsite enrich-
ment. In most deposits where the Tuscahoma is
absent and Claiborne sands overlie the kaolin, the
crystallinity of the upper few decimeters of kaolin is
also moderatlely good. Books and stacks of kaolin
are small; vermicular books are almost totally lack-
ing éxceptinthose areas of highest crystallinity (fig.
6D).

Montmorillonite content of the kaolin varies from
1 percentto 30 percentand montmorillonite is most
abundant in the topmost meter of many deposits



Figure 6A

Figure 6B.

Figure 6C.
Figure 60.

Large chambered (insect?) burrow in kaolin infilled with brackish water deposit of Tuscahoma

Formation.
Photomicrograph of pisolitic and oolitic bauxite composed of about 85 percent gibbsite and 15 percent

kaolin. x25
SEM photograph of kaolin of low crystallinity index with "swirl" pattern. x3000

SEM photograph of "moderately well crystallized” kaolin with small kaolin book. x5000
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TABLE 1 -- SPOROMORPH ASSEMBLAGES

FIELD NO.
PaLynoLoGY No.

ELEVATION IN FEET 280

AX72  FVl LS95 588  WLL WLIC THJ24 FNL
R1492D R1531 R1702D R1702F R1532 R1702C R1492C R1702B
380 430 323 315 290 2625 317-322

AESCULIIDITES clRcUMSTRIATUS (FaIrcH.) Eis,
AILANTHIPITES AFF. A, BERRY[ WoDEH. (2)
ARECIPITES SPP,

BASOPOLLIS DBSCUROCOSTATA Tschuby (2)
BETULA INFREQUENS STANL.

BOMBACACIDITES NACIMIENTOENSIS (AND.) ELs,
BOMBACACIDITES RETICULATUS KRUTZSCH

(ARYA PP, €29 pn (2)

CASUARINIRITES SPP,

CHOANOPQLLENITES DISCIPULUS TscHupy (1)
EPHEDRA YOLUTA STANL. 8.L. (3)

HoLkoPoL LENITES AFF. H. CHEMARDENSIS FAIRCH.
INTRATRIPOROPOLLENITES QLLIVIERAE GRUAS-CAV,
INTRATRIPOROPQULENITES PSEURINSTRUCTUS MAI
MILFORDIA MINIMA KRUTZSCH

{foMIPITES CORYLOIDES WODEH.

MoMIPITES ELEXUS FRED. (3)

HoMIPITES MICROFOVEOLATUS (STANL,) NicH,
MoMipITES STRICTUS FRED. & CHRIST, (3)
HoMIPITES IENUIPOLUS GROUP

MunopoLi1s ENDANGULATA (PFLUG) PFLUG (3)
NupoPOLLIS TERMINALLS (PFLUG & THoMs,) PrLUG
OvolDITES sPP.

-0 > D 3
>
>
e
S e B D B
o

> > > >

X bt X X

PuicaTopoLLIS TRIRADIATA (NIcH.) FRED, & CHRIST X X b X
PoRoCoi POPOIIENITES YIRGINIENSIS FRED. S.L. (27) X X

PQROCOLPOPQLLENITES SP. (BACULATE)
BsEupoLAESQPOLLIS YENTOSA (PoT.) Frep. (2)
PsEunopLicapolLls cF. P. ENDOCUSPIS TscHuby
PSEUDOPLICAPOLLIS LIMITATA FRED.
PsEunopLICAPOLLIS SERENA TscHupy (1)
QUADRAPOLLENITES YAGUS STov. (2?,37)

RETITRESCOLPITES aNGULOLUMINOSUS (AND.) FRED.

RHOIPITES ANGUSTUS FRED.
SPARGANIAGEAEPQLLENITES SP. (2)
SPINAEPQLLIS SPINOSA (PoT.) KRuTzscH (2)
IETRACOLPOROPQLLENITES SPP.

THOMSONIPOLLIS MAGNIFICA (PFLuG) KRUTZSCH §.L.

JRIATRIQPOLLENITES TURGIOWS (PrLuG) FReD,
IRicoLPITES ASPER FRED.

IRICOLPITES cRASSUS FReD. (2)
IRICQLPITES REDACTUS FRED.
IRIPQROPOIIENITES CF. 1. BLEKTOSUS AND.
IruDQPOLLLS PLENA TSCHUDY

PERCENTAGE OF :
SPORES + POLLEN
DINOFLAGELLATES + ACRITARCHS
FUNGAL SPORES

PRESERVATION OF SPOROMORPHS

X

21 23 100 88 77 79 31
76 76 65 9 19 69
3 1 12 1 14 2

FAIR FAIR GOOD GOOD GOOD GOOD GOOD FAIR

UBSERVED RANGE BASES AND TOPS IN THE GULF COAST AND SOUTH CAROLINA:

(1) Ranee ToP = ToP OF PORTERS CREEK CLAY
(2) RANGE BASE = BASE OF NANAFAL1A FORMATION
(3) RANGE TOP = TOP OF PALEOCENE
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that directly underlie marine Tuscahoma sedi-
ments. It is also relatively abundant toward the bot-
tom of kaolin lenses that have small “patches” of
dark montmorillonite clay that probably originated
as clasts derived from the underlying Clayton. The
mineral is uniformly distributed in lenses of kaolin
inthe subsurface inthe southern part of the district,
where the sediments are more marine in character.

lllite content of the kaolin varies from 0 to 20
percent and illite is most abundant in the downdip
(southern) kaolin. It is generally more abundant in
the lower part of most kaolin beds. Commonly, the
kaolin containsillite; ragged, partially decomposed,
silt-size muscovite; and fresh, compact, sand- to
silt-size books of muscovite and biotite.

Gibbsite in small quantities is present in many
clay lenses, and gibbsite and kaolinite are the prin-
cipal minerals of the bauxite and bauxitic clay of the
district. Gibbsite may constitute almost 100 percent
of some pisolites, but generally pisolites, oolites,
and micro-oolites are mixtures of kaolin and gib-
bsite, both of which are relatively coarsely
crystalline.

Chamosite (berthierine) is present in kaolin and
bauxitic material in a wide particle size range.
Pellets vary from 5 mm to 0.5 mm in diameter and
also are present as clay-size particles. Pelletal
chamositeis usually associated with siderite, which
commonly fully or partially replaces it.

Goethite, hematite, siderite, pyrite, and marcasite
are common secondary minerals resulting from
diagenetic or postdiagenetic processes. Gibbsite
and anatase should perhaps also be classified as
secondary minerals because evidence suggests
postdiagenetic enrichment in these minerals. The
detrital heavy-mineral suite includes muscovite,
ilmenite, tourmaline, staurolite, zircon, kyanite, bio-
tite, and sillimanite, in that order of relative
abundance.

The Tuscahoma Formation consists of two thin
lithologic units: a lower sandy unit and an upper
silty unit. In the subsurface, especially in the south-
ern and western part of the district, illite and mont-
morillonite are the dominant clay minerals of both
units. Kaolinite is more abundant in the upper silty
unit, where it may make up 30 percent of the clay
minerals. In the lower part of the sand unit, it is
present as clasts and clay balls which apparently
were derived from the underlying Nanafalia.

In mine exposures, kaolinite is the dominant clay
mineral of both units, although illite may vary in
abundance from 10 percent to 40 percent. Quartz,
glauconite, and muscovite are the most abundant
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minerals in sand-size particles. Glauconite (mixed-
layerillite/montmorillonite) is presentin both pelle-
tal and fragmental form. Pellets appeared to be
replacements of fecal matter and casts of micro-
fauna. The heavy-mineral suite is similar to that of
the Nanafalia except for variations in the relative
abundance of the minerals.

PALEONTOLOGY
AND PALEOENVIRONMENT

Midway Group

Biostromal and detrital accumulations of the
large oyster, Ostrea crenulimarginata (Gabb), are
present throughout most of the Clayton section.
Dark-gray montmorillonitic clay that interfingers
with the biostromal sand and silt becomes dominant
in the upper part of the section. It is sparsely glau-
conitic, is phosphatic, andlocally contains gypsum.
At mostlocalities, the upper clay contains fish teeth,
a few echinoid spines, and a planktic foraminiferal
assemblage but does not contain much evidence of
bottom-dwelling organisms. The thin, persistent
limestone in the middle part of the section contains
a diversified Midway fauna, including Hercoglossa
ulrichi (White) and Venericardia spp. The presence
of the sporomorphs Choanopollenites discipulus
and Pseudoplicapollis serenain two samples (AX72
and FV1, table 1) collected fromthe upper part of the
clay unit indicates a Midway age.

On the basis of lithologic and faunal variations,
the Clayton appears to have been depositedin a bay
or estuary that alternated between open and res-
tricted circulation. The circulation tended to
become restricted and hypersaline toward the end
of the depositional period. The biostromal sand and
the limestone are compatible with an estuarine
environment subject to tidal influence and having a
low sill. The carbonaceous, montmorillonitic clay
containing phosphate and gypsum suggests hyper-
salinity resulting from restricted circulation and low
freshwater inflow. We interpret the scarcity of ben-
thic organisms and the abundance of organic mat-
ter in the upper clay to mean that the sea floor was
eutrophic during deposition of these clays; the
planktic foraminifers and at least some of the dino-
flagellates (samples AX72 and FV1, table 1) in the
upper clays apparently were washed from the open
sea over a sill into the bay or estuary.

Lower part of the Wilcox Group

The Nanafalia Formation, in contrast to the Clay-
ton, contains no identifiable marine calcareous fos-
sils; however, small fragments of shells are present
in carbonaceous sands in the southwestern part of
the district. In the areas of thick kaotin accumula-



tion, the Nanafalia locally contains carbonized and
mineralized plant material and lignitic clay beds.
Few sporomorphs occur in association with the
carbonized root structures and fine debris in mas-
sive kaolin. Whether the plant remains represent
relics of a paleosoil or roots and debris of marine
plants or salt-tolerant plants of tidal marshes and
estuarine swamps is not clear. Preservation of cell
structure is poor, but the roots are composed prim-
arily of fibrous tissue and their size and distribution
suggeststhatthey are grasses. However, according
to palynological evidence, true grasses (Family
Gramineae) did not exist on the Guif Coast until late
in Claiborne time (Frederiksen, in press). The sandy
and silty lignitic clay layers within the kaolin at loca-
tions LS95 and 58B (fig. 3) contain palynomorph
assemblages of early Wilcox age that are suggestive
of a freshwater environment of deposition (table 1);
this environmental interpretation is based on the
presence of Ovoidites (probably either a pollen
grain or a freshwater plankter, according to
Krutzsch, 1961) in LS95, the high relative abun-
dance of fungal spores in 58B, and the lack of
marine to brackish-water dinoflagellates and acri-
tarchs in both these samples.

The distribution of clay bodies in relationship to
the slope of the underlying Clayton surface, the
large size and tabular form of the clay, and the
limited interlamination of clay and sandin the kaolin
depositional areas indicate a low-energy environ-
ment such as a bay or lagoon protected from even
moderate tidal currents. Although small, relatively
pure kaolin lenses are present at different elevations
in the section, in the principal depocenters, kaolin
and sandy kaolin occupy almost the entire section.
Kaolin bodies peripheral to the main depocenters
tendtobesinuousorirregularinoutline and are thin
and discontinuous. The southeastward trend of the
kaolin deposits and their accumulation in areas of
low basinal floor slope suggest that the clays might
have been deposited by lateral subaqueous spread-
ing from a coherent sediment-laden current derived
from a stream discharging into a shallow bay or
lagoon.

The mineralogy of the kaolin suggests that the
environment varied from marine to freshwater to
subaerial and back to marine during the deposi-
tional period. Montmorillonite is the second most
abundant clay mineral of the upper part of most
kaolin lenses. It is as abundant as kaolin at some
horizons within kaolin lenses in the south and
southwestern part of the district such as locations
P34, RHJ26, and THK3O0 (fig. 3). Muscovite of sand,
silt, and clay size is more abundant in the southern
part of the district and in the lower part of lenses in
the central part of the district where it may compose
as much as 20 percent of the clay. Although clay-
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mineral distribution and relative abundance in sed-
iments do not provide conclusive information as to
the depositional environment, they may indicate
something about the provenance of the sediments.
The clay-mineral composition and distribution in
the Nanafalia are compatible with those observedin
modern estuaries of the southeastern United States
(Mead, 1972; Hathaway, 1972; Ezwald and O'Melia,
1975).

Pelitic and pelletal chamosite is present at several
horizons within kaolin beds at locations WLF8, FN1,
12-29 (fig. 3). This mineral is associated with frag-
mental and bedded bauxite at location WLF8, sand-
free kaolin at location FN1, and sandy montmoritlo-
nitic kaolin at location 12-29. Its occurrence as an
authigenic mineral indicates a marine environment
of deposition of the clay in these areas (Porrenga,
1967; Rohrlich and others, 1969).

Indications in the kaolin of at least two periods of
bauxite formation and the presence of interbedded
kaolinand freshwater swamp debris along with mul-
tiple horizons of root zones and burrows suggest
that the deposits were above sea level two or more
times. Sporomorph assemblages associated with
the Nanafalia swamp deposits within the kaolin
(sample numbers 58B and LS95, table 1) were of
low species diversity, contained mainly specimens
of Arecipites spp. (produced mostly or entirely by
Palmae), and had a small admixture of Sapotaceae
pollen (Tetracolporopollenites spp.); such assemb-
lages would now be found mainly in outer coastal
plain swamp forests and hammocks in the sou-
theastern States. The mud-cracked upper surface of
the Nanafaliais infilled by glauconite-bearing fossi-
liferous Tuscahoma sands. These marine sands,
which contain small clasts and mud balls of kaolin
and grade into brackish water, channeled, sandy
clays and silts, suggest a marine encroachment
across a dessicated mud flat.

Samples of Tuscahoma sediments collected
within a meter of the contact with the Nanafalia at
locations THJ24 and FN1 (fig. 3) were examined for
palynomorphs. Both samples were glauconitic and
contained foraminifers as well as abundant dinofla-
gellates and rather diverse sporomorph assemb-
lages that are typical of some brackish-water and
nearshore marine sediments.

Theforegoing discussion assumes that the kaolin
was deposited as clayey sediment. However, diage-
netic and postdiagenetic changes probably modi-
fied the original sediment considerably, Some of the
evidence for changes in the character of the clay is
as follows.

1. Some fine-grained mica has been kaolinized,



Sparse but widely distributed roots, plant
debris, and burrows indicate that more carbo-
naceous material probably was present at the
time of deposition.

. Grossly tabular shape and irregular lower sur-
faces of bauxite bodies suggest that the baux-
ite formed in place. If bauxite formed in place,
then the potential exists for dramatic composi-
tional change in previously deposited material.

Some quartz grains appear to have been chem-
ically attacked in the kaolins where kaolinite
crystallinity is good.

Secondary pyrite and marcasite appear to
have originated near the top of the kaolin and
penetrated downward to form dark-gray swirls
inclay, and coatsely crystalline pyrite replaces
woody material or fills veins in bauxite.

Siderite fully or partially replaces chamosite
pellets, occurs in small nodules of uncertain
origin and is present as euhedral crystals con-
taining sand-grain inclusions.

Siderite and pyrite arelocally oxidized to hem-
atite or goethite. The transportation by ground
water and depgsition of finely divided hematite
in more permeable layers has accentuated
bedding caused by grain-size variation in the
kaolin bodies.

Evidence against extensive alteration of original
materials after deposition is as follows:

1. The heavy-mineral suite of the kaolin is the
same as that of the surrounding sediments and
is typical of most sediments in the region
derived from a metamorphic terrain. The silt-
size grains, which are commonly well-formed
crystals having sharp face edges and termina-
tions or cleavage fragments, show no evidence
of chemical attack.

. Abundant sand- and silt-size muscovite and
sparse biotite books show little evidence of
alteration and are associated with ragged and
partially kaolinized mica. Thus, the micas may
have had different provenances.

. Thesurfaces of most silt-and sand-size quartz
grainsin clayey sediments show little evidence
of chemical attack.

The preservation of delicate root structures
and plantdebrisinlife position and the preser-
vation of the interface between clay-filled bur-
row casts and the enclosing clay would seem
to preclude any significant volume change
accompanying neomineralization.

Some kaolinlenses inthe subsurface probably
have not been subjected to subaerial weather-
ing or elevated above the water table since
deposition.
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6. In general, the distribution of clay minerals
within the district appears to reflect the deposi-

tional environment of the enclosing sediments.

SUMMARY AND CONCLUSIONS

Sedimentological, structural, mineralogical, and
paleontological evidence indicates a complex his-
tory for the formation of kaolin and bauxite deposits
of the region. Palynology of samples from the dis-
trictindicates that the deposits are restricted to sed-
iments of the lower part of the Wilcox Group (upper
Paleocene). A possible sequence of events is sug-
gested below for the formation of the deposits in
light of the evidence presented elsewhere in this

paper.

In the area of what is now the Andersonville dis-
trict, an estuarine environment prevailed during
much of the Paleocene Epoch. The lower sediments
of the Midway Group and their contained fauna are
typical of an estuarine basin subject to moderate
tidal influence and sediment supply. By middle
Midway time, an off-shore barrier in the vicinity of
the inferred Americus fault restricted circulation in
the basin. The restricted circulation led to mildly
hypersaline conditions which accompanied the
deposition of the dark montmorillonitic clays of the
upper part of the Clayton Formation. No sediments
representing the upper part of the Midway are pres-
ent, and the kaolin-bearing sediments of early Wil-
cox age were deposited on the irregular erosional
surface formed on Midway rocks. Fresh or only
slightly weathered clays of the Clayton underlie the
sand and sandy kaolin of the Nanafalia. Atthe onset
of Wilcox time, recurrent movement on the Ameri-
cus fault may have resulted in sufficient uplift to
deflect longshore currents and promote the forma-
tion and maintenance of a barrier island. This bar-
rier limited tidal and longshore current influence
and provided a restricted basin open to the southw-
est during much of early Wilcox time.

A turbid stream (or streams) containing a large
suspended load of mixed clays dominated by kaoli-
nite flowed intothe bay. Theincreaseinabundance
of illite and montmorillonite in the seaward sedi-
ments and the predominance of kaolin shoreward
are thought to be due to differential flocculation
under saline conditions. The coarser fraction of the
stream load was deposited in the channel areas.
Clay was deposited primarily in the interchannel
areas. The thick accumulation of clay that occupies
almost the entire Nanafalia section was depositedin
those areas where the slope of the basin floor (Clay-
tonsurface) isrelatively flat; the clay thins where the
slope steepens. Sand, which may contain thin dis-
continuous and sinuous clay lenses, occupies prin-
cipally those parts of the basin where the slopes are
relatively steep.



The depositional cycle was interrupted by an
uplift, which exposed the newly deposited sedi-
ments in the northern and central parts of the dis-
trict to weathering and erosion. Relief was slight;
freshwater swamps occupied parts of the exposed
areas, and brackish or saltwater marshes probably
occupied the seaward areas. Thick kaolin accumu-
lations became the positive areas as the drainage
pattern formed. The most easily eroded unconsoli-
dated sands became the stream valleys. The upper
parts of the kaolin subjected to subaerial weather-
ing were bauxitized in some areas, fine micas were
kaolinized, and coarsely crystalline particles of kao-
lin (books and stacks) were formed elsewhere;
montmorillonite was destroyed. Locally, iron and
titanium were mobilized to become concentratedin
the pisolitic structures associated with bauxitiza-
tion. Carbonaceous materials were oxidized. The
mineralogy of the clays a few meters below the
weathering surface was little changed. Siderite
indicative of a mildly reducing environment formed
nodules, crystals, and replacements of chamositein
the lower parts of the clays.

Sealevel rose and the areawas submerged. Wave
action probably planed off the erosional surface,
removing some of the weathering products. Redis-
tribution of debris resulted in the formation of sedi-
ments rich in organic matter interbedded with kao-
lin, clastic kaolin, and rare, bedded, bauxitic
materials. Silica in basinal waters reacted with gib-
bsitein the porous bauxite and reworked deposits to
form kaolinite and produce the gradational upper
contact between bauxite and transitional clay. The
coarse particle size and higher crystallinity of kaoli-
nite in bauxite, bauxitic clay, and kaolin occupying
this general level within the deposits suggest that
these characteristics are artifacts of weathering or
products of resilication of gibbsite in the porous
upper part of exposed clays and bauxite. Where
reworked materials were high iniron, resilicationin
a saline environment resulted in the formation of
chamosite at this horizon. Chamosite is present in
the southern and southwestern (seaward) part of
the district and on the downdropped block of the
Andersonville fault. The presence of chamosite on
this downdropped block suggests that the Ander-
sonville fault was active during the deposition of the
Nanafalia and that marine waters covered parts of
this area.

Following submergence and reworking of surfi-
cial material, the deposition of sandy and clayey
sedimentwas resumed. The drowned stream valleys
became the channels and the sites of deposition of
sandy sediments. The interchannel areas were
again established as sites of kaolin accumulation;
however, the clays deposited! contained consider-
ably higher quantities of montmorillonite and less
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micalike clay. At the close of the kaolin depositional
period, movement on the Andersonville fault
resulted in the exposure of the areas immediately
south of the fault to weathering. Pisolitic clays and
low-grade bauxite are presentinalimited area whe-
reas elsewhere, the mud-cracked surface of the kao-
lin was covered by brackish-water and marine Tus-
cahoma sediments. The formation of commercial
kaolininthe district cameto aclose with deposition
of the marine and brackish-water Tuscahoma
sediments.

Throughout the depositional period, climatic
conditions probably were subtropical in the source
areaandthe depositional basin. The kaolin-bearing
sands were transported and deposited as clay and
coarser detrital grains that were only slightly altered
after deposition except in the areas of bauxite for-
mation. The source for the sediment may have been
the weathered Piedmont terrain 40 km to the north
or kaolinitic sediments of the Coastal Plain itself.

Sandy kaolins and kaolinitic sands form a signifi-
cant part of the Cretaceous sediments a few kilome-
ters north of the district. The association of fresh
and strongly altered, abraded and euhedral detrital
mineral grains suggests more than one provenance
for the mineral suites. Perhaps the kaolin-bearing
sediments of early Wilcox age represent deposits
derived from erosion of nearby kaolinitic sediments
and a more remote Piedmont source.
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ABSTRACT

Following Triassic rifting and graben-filling, an inva-
sion of southwestern Georgia from the Gulf of Mexico
region began. Possibly Upper Jurassic, and certainly
Lower Cretaceous (Comanchean) sedimentary rocks,
predominantly clastic. were deposited as part of the filling
of the Apalachicola (or Chattahoochee) Basin. Uplift,
gentle warping. and erosion followed. Upper Cretaceous
(Gulfian) rocks, which include the basal Atkinson Forma-
tion and its updip equivalent, the Tuscaloosa Formation,
overlapped the Comanchean rocks. Post-Cretaceous
uplift, including arching in southern Georgia and north-
ern Florida, preceded erosion, the Cretaceous rocks in
the arch being much thinned at the axis

Midwayan (early Paleocene) overlap followed, at least
in southwestern Georgia, after which further uplift,
including faulting which preserved the Midwayan rocksin
the downdropped block, resulted in continued erosion of
the Cretaceous rocks after the removal of the thin Mid-
wayan rocks The Apalachicola (or Chattahoochee)
Embaymentis notidentifiablein the record of the Georgia
rocks after this event

Sabinian (late Paleocene and early Eocene) overlap
followed, with thick carbonate sedimentation developing
insouthern Georgia; post-Sabinian uplift. including fault-
ing in southern Georgia, was followed by another period
of erosion. The Sabinian rocks, thicker in southern Geor-
gia, and resting on Gulfian rocks, are preserved in the
downdropped blocks. The updip Sabinian (called Wilcox

38

in literature) was extensively eroded, most of the carbo-
nate rocks having been removed.

Claibornian (late early and middle Eocene) overlap fol-
lowed, including the development of an evaporite
sequence in southeastern Georgia where a basin de-
veloped on shore. Post-Claiborne sea withdrawal and
erosion, but with no significant tectonism, followed.

Jacksonian (late Eocene) overlap followed, a basal
clastic unit being overlain by an extensive shelf-
carbonate blanket (the Ocala Formation). Post-Jackson
uplift and sea withdrawal, including tectonism of uncer-
tain dimensions, followed,

These are overlain by Oligocene shelf-carbonate rocks,
which are almost everywhere very thin, and are largely
late Oligocene in age, but which include middle Oligo-
cenerocksinsome downdropped faulted areas and early
Oligocene rocks immediately offshore. They reflectarea-
sonably certain, but unclear history of epieorogeny dur-
ing Oligocene time. Post-Oligocene uplift and erosion is
reflected in the sporadic distribution of the Oligocene
rocks and the clastic nature of the overlying Miocene
rocks.

Hydrocarbons, if present, would fikely be in the older,
deeper rocks which have been disturbed by the arching
and faulting.
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ABSTRACT

Detrital sediments of the Upper Cretaceous Tuscaloosa
and Eutaw Formations are well exposed in the Chatta-
hoochee Valley region of western Georgia. The Tusca-
loosa Formation lies nonconformably on Piedmont crys-
tallines on top of which is developed a thin, lateritic
paleosoil, present now primarily on the higher portions of
the erosional surface. The Tuscaloosa consists of two
major lithologies, a crossbedded, conglomeratic, arkosic
arenite and a mottled, silty mudstone, which occur strati-
graphically in a series of fining-upward sequences separ-
ated by disconformities. These disconformity-bounded
units contain a vertical succession of sedimentary struc-
tures characteristic of the point-bar model of fluvial depo-
sition. Fossils in the Tuscaloosa include lignitized wood,
well-preserved leaf molds, and vermicular burrows.
Based on sedimentologic, paleontologic, and stratigra-
phic evidence, the Tuscaloosa is interpreted as being
fluvial in origin. Crossbedding dip directions imply a
southerly flowing paleocurrent system.

The Eutaw Formation overlies the Tuscaloosa discon-
formably and is composed of four lithofacies. Lithofacies |
is a tabular and trough cross-stratified, Ophiomorpha-
burrowed, fine to medium, slightly feldspathic, quartzose
sand with reactivation surfaces and mottled mudstone
lenses. Lithofacies Il is a trough cross-stratified,
Ophiomorpha-burrowed, partially iron-cemented,
medium to coarse quartzose sand with polymodal
crossbed dip-directions. Lithofacies Il is a horizontally
stratified to hummocky cross-stratified, fossiliferous,
micaceous, well-sorted, fine to very fine quartz arenite
with carbonaceous laminae. Lithofacies IV is a perva-
sively bioturbated. fossiliferous, micaceous, carbonace-
ous, silty sand and sandy mudstone. The first three lithof-
acies are best developed in northern parts of the outcrop
belt. Diagenetic structures include penecontemporane-
ous deformation structures, calcareous septarian-
concretions, and iron-oxide concretions. Eutaw strata in
Georgia are interpreted to have been deposited in a
barrier-island complex formed in a transgressive regime
Erosion during barrier retreat removed subaerial barrier
facies resulting in the deposition of atransgressive shore-
face and transition zone sequence (Lithofacies II, 11, and
IV) on top of back-barrier tidal channel and abandoned
channel deposits (Lithofacies I)

INTRODUCTION

Cretaceous strata in Georgia are of interest
because they provide a link between the stratigra-
phic frameworks of the Atlantic and Gulf Coastal
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Plains. Further, because they represent primarily
near-shore, basin-margin facies, they are important
inthe development of regional depositional models.
The Tuscaloosa and Eutaw Formations are the old-
est outcropping Cretaceous units in southwest
Georgia and are exposed in an eastward- to
northeastward-trending belt in Muscogee, Chatta-
hoochee, Talbot, and Marion Counties (fig. 1}. They
are composed of a variety of detrital sediments that
appearto have beenformedin terrestrial and paralic
environments. They rest with profound nonconfor-
mity on Piedmont crystalline “basement” and are
overlain disconformably by the Blufftown Forma-
tion. Both units thin dramatically toward the east
where they become increasingly difficult to differ-
entiate from each other and from the rest of the
Cretaceous section. Toward the west, they thicken
and pass into facies with increasing evidence of
marine influence.

History of Investigation

The Eutaw Formation was named in 1860 by Hil-
gard from exposures near Eutaw, Ala.;itincluded all
strata from the base of the Coastal Plain up to his
Tombigbee Sand Group. In 1887, Smith and John-
son defined the Tuscaloosa Formation as the basal
unit of the Coastal Plain and redefined the Eutaw to
include those strata from the top of the Tuscaloosa
up to the Selma Chalk, i.e.,including all of the Tom-
bigbee as a member of the Eutaw. This usage was
applied to basal Cretaceous strata in Georgia by
Spencer (1890). Langdon (1891) considered sands
above Eutaw mudstones in western Georgia to
represent the Ripley Formation, but Stephenson
(1911) believed that the lower 120 ft of sand in Lang-
don's Ripley was actually correlative with the Tom-
bigbee Sand Member and so included it with the
Eutaw. Stephenson (1911) considered the Tusca-
loosa Formation to be Lower Cretaceous, but study
of plant fossils led Berry (1923) to reinterpret it as
Upper Cretaceous. Stephenson and Moore (1938),
working in eastern Alabama, redefined the Eutaw to
exclude the upper sands, putting them in the Bluf-
ftown Formation, a term proposed by Veatch in
1909. Cooke (1943) extended this usage to Georgia.
Ray (1947, unpublished military maps) placed all
sand below Eutaw mudstones into his Tuscaloosa
Formation while including in the Eutaw all sands
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Figure 1. Geologic map of northern part of Coastal Plain in western Georgia (modified slightly from Eargle, 1955).
Dots indicate outcrops studied in preparation for this report,

below Blufftown mudstones. Drennen (1950) des-
cribed the Piedmont-Coastal Plain contact in east-
ern Alabama and western Georgia. In his excellent
discussion of the Cretaceous stratigraphy of Geor-
gia, Eargle (1955) recognized the significance of
unconformities in the section and used them to
erect a more logical stratigraphic nomenclature.
This usage is shown in figure 2 and will be followed
without modification in this report. Stephenson
(1957) described fossils from the Eutaw Formation
in the Chattahoochee Valley region and, more
recently, Marsalis and Friddell (1975) described
several outcrops of Tuscaloosa and Eutaw Forma-
tions in their guide to Upper Cretaceous and lower
Tertiary units of the Chattahoochee Valley.

TUSCALOOSA FORMATION
Stratigraphy
The Tuscaloosa Formation in the Chattahoochee

Valley area consists of approximately 76 m of con-
glomeratic sandstone and sandy mudstone. It thins
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rapidly toward the east, being approximately 15 m
thick in the Flint River area (Eargle, 1955). It
thickens downdip (132 m at Chattahoochee well #1,
Marsalis and Friddell, 1975) and toward the west
into Alabama.

The Tuscaloosa lies nonconformably on Pied-
mont crystalline rocks, primarily gneisses and
amphibolites, across a sharp, erosional contact (fig.
3A). Relief on this surface ranges up to approxi-
mately 15 m within 0.8 km in northwestern Musco-
gee County. On upper parts of this erosional sur-
face, especially in northern parts of the outcrop belt,
Tuscaloosa sediments are separated from obvious
gneissic saprolite by a 2 to 3 m thick layer of resid-
ual, lateritic paleosoil. This material, referred to as
“Pre-Tuscaloosa” by Drennen (1950), consists of
mottled red, orange,and tan,unsorted residuum with
abundant maroon to yellow pisoliths, usually con-
centrated inahorizon about one-half meter beneath
Tuscaloosa sediments. This residuum with its irreg-
ular mottling and well-formed pisoliths closely
resembles the “massive vermiform laterites” and
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“spaced pisolithic laterites” of Uganda (McFarlane,
1976, plates 1, 2, and 3). Spaced pisoliths are usually
indicative of residual soils (McFarlane, 1976). The
presence of unaltered quartz veins within the paleo-
soil which extend down into recognizable gneissic
saprolite confirms this view. Some pisoliths are
present in basal Tuscaloosa sediments.
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The Tuscaloosais overlain disconformably by the
Eutaw Formation. The contact is sharp, appears to
have relatively little relief, and is usually easy to
recognize in the Chattahoochee Valley area, where
Tuscaloosa maroon and greenish-gray mudstones
are characteristically overlain by course, cross-
bedded, Ophiomorpha-burrowed sands of the Eutaw
(fig. 3B).

The Tuscaloosa Formation in southwest Georgia
is equivalent to the upper part of the Tuscaloosa
Group in Alabama, specifically correlative with the
unnamed upper member of the Coker Formation
and the overlying Gordo Formation (Drennen,
1953). To the east, the Tuscaloosais correlated with
the lower part of the Middendorf Formation in east-
ern Georgia and South Carolina and with the
Potomac Group in Maryland. Based on palynologi-
cal studies (Christopher , this volume) the Tusca-
loosa has been correlated with the Britton Forma-
tion of the Eagle Ford Group in Texas and is
therefore considered to be of late Cenomanian Age.

Lithologies

The Tuscaloosa Formation in southwest Georgia
is composed of two distinct lithogies: a cross-
bedded, conglomeratic, arkosic arenite and a
mottled, silty mudstone. In most exposures, mud-
stone overlies arenite across a continuous, grada-
tional contact, forming a fining-upward sequence
and separated from vertically adjacent fining-
upward sequences by local disconformities.

Crossbedded, conglomeratic, arkosic arenite

The most common Tuscaloosa lithology in the
study area is mature to submature arkosic arenite.
Mean grain size ranges from coarse to finesand and
sorting is generally poor to moderate; skewness is
almost always positive. Graphs of cumulative grain-
size frequency distributions plotted on probability
paper show the dominance of both suspended and
saltated loads (see other examples in Visher, 1972).
Quartz-grain shapes range from nearly equant to
elongated and usually are very angular to subangu-
lar, the degree of roundness increasing proportion-
ally with increasing grain size. This roundness
trend continues into the gravel fraction, most of
which is very well rounded to subrounded. Tusca-
loosagravels are composed mainly of metaquartzite
clasts whose textures suggest at least partial deriva-
tion from metaquartzite exposures in the Pine
Mountain area north of Muscogee County. An excel-
lent example of this is the presence within the Tus-
caloosa of rounded pebbles of itacolumite nearly
identical to in situ exposures on Pine Mountain;
sinceitacolumiteis a relatively rarelithology, it pro-
vides a good indicator of sediment dispersal patt-
erns and provenance. Feldspar grains were origi-



Figure 3

Features of the Tuscaloosa Formation. A, Nonconformity separating Tuscaloosa pebbly sand from

gneissic saprolite. B, Disconformity between Eutaw sand and underlying Tuscaloosa mudstone. C,
Fining-upward sequences; note sharp, irregular, erosional contract of coarse, crossbedded sand on
structureless mudstone (arrow). D, Multistory sand body; lower arrow indicates contact with underlying
mudstone; upper arrow indicates local disconformity separating very coarse sand from fine to medium

sand below.

nally subangular and generally coarse, but most
have undergone chemical alteration and are now
primarily kaolinite. In many areas, altered feldspar
grains were deformed during compaction, being
squeezed around adjacent quartz grains, resulting
in a kaolinitic epimatrix, Only where early cementa-
tion prevented significant compaction can the orig-
inal character of the feldspars be observed. Heavy
minerals comprise from 0.2 to 1.4 percent of frame-
work grains and consist of magnetite, zircon, kya-
nite, garnet, andalusite, ilmenite, and tourmaline
(listed in order of abundance). Sands range from
almost unconsolidated to well lithified; cement type
varies, being siliceous in some samples and ferrugi-
nous in others. The kaolinite epimatrix is responsi-
ble for moderate consolidation in many samples,
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Primary sedimentary structures include large-
scale, high-angle tabular crossbeds, large-scale,
high-angle trough (festoon) crossbeds, small-scale
trough crossbeds (not observed in coarse sand),
and horizontal bedding. These are usually arranged
vertically within a fining-upward sequence with the
large-scale tabular crossbeds near the bottom, over-
lain by trough crossbedding whose scale decreases
upward, coinciding with decreasing sediment grain-
size (fig. 3C). Horizontal bedding, when observed, is
usually associated with large-scale tabular cross-
beds near the base of a fining-upward sequence.
Penecontemporaneous slump structures, large dis-
located mud blocks(up to one meterin diameter and
usually associated with the coarsest sediment at the
base of a fining-upward sequence), and smaller,



rounded mud-clasts are presentin many exposures.
Secondary structures include rare pyrite nodules
and barite concretions (Eargle, 1955).

Over 300 determinations of crossbedding dip
directions have been made of Tuscaloosa arenites.
Distribution of dip directions from a given exposure
are generally unimodal, but dispersion about the
mean is high. Vector means for the various expo-
sures studied range from southeasterly to west-
southwesterly, butthe modal direction (and, signifi-
cantly, the regional vector mean) is approximately
southerly.

Mottled, silty mudstone.

Upper parts of Tuscaloosa fining-upward se-
quences typically consist of maroon and medium-
gray mottled silty mudstone. The mean grain-size
varies from coarse silt to fine silt, but sorting is
usually poor and skewness is positive. Quartz dom-
inates the mineralogy of the silt fraction.

Sedimentary structures are generally absent and
vague compositional and color mottling is the most
typical characteristic of the sediment. Evenin those
exposures where obvious mottling is absent, few
depositional structures are present and deposits are
typically massive. In several exposures, there are
numerous, small, vermiform burrows with faint
internal lamination. Penecontemporaneous slump
structures are encountered in a few exposures. Of
special note are siderite spherules about one mil-
limeter in diameter which weather to red or brown
spots of iron oxide (Eargle, 1955).

Mudstones contain the only fossils to be found
within the Tuscaloosa in the study area. Especially
interesting are well-preserved leaf imprints foundin
thick mudstones beneath the Eutaw contact in
Upatoi Creek Valley. Many of these were described
by Berry (1923) who cited them to champion the
Late Cretaceous age of the Tuscaloosa Formation.
Lignitic wood fragments and well-preserved paly-
nomorphs are also present (see Christopher, this
volume).

Stratigraphic relations of lithologies.

Silty mudstones overlie arkosic arenites, making
a conformable stratigraphic sequence in which
grain size decreases vertically and in which sedi-
mentary structures vary from tabular and trough
crossbedding in the sands of the bottom to mottling
and burrowing in the muds at the top. Each fining-
upward sequence is separated from those above
and below by sharp, irregular, erosional disconfor-
mities (fig. 3C). Such fining-upward sequences are
the hatlmark of the Tuscaloosa Formationin western
Georgia (fig. 4).
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Insome exposures, two fining-upward sequences
contact each other without an intervening mud-
stone (fig. 3D). The contact is recognized by the
abrupt change in grain size and the presence of
mud clasts directly above the erosional surface.
Such an association of sandy fining-upward
sequences without mudstone is termed a multistory
sand body (Friedman and Sanders, 1978). Another
exception to the usual fining-upward patternis seen
in lens-shaped mudstone bodies immediately adja-
centto “normal” fining-upward sequences. Charac-
teristically, the mudstone lenses contain coarse lag
gravels overlain directly by structureless, sandy
mudstone.

Paleoenvironmental Interpretation

Based on the evidence summarized below, the
Tuscaloosa Formation in southwest Georgia is
interpreted to have formed as alluvial depositson a
newly formed coastal plain. The evidence is taken
from both the sedimentologic and paleontologic
characteristics of the unit and is presented in sum-
mary fashion below.

1. The fining-upward sequences themselves con-
stitute perhaps the best evidence of fluvial
deposition because they are considered to repre-
sent the vertical succession of strata formed by
the progradation of point bars and associated
overbank environments overthalweg deposits during
stream migration. Such fining-upward, point-
bar sequences have been discussed by numer-
ous authors (forexample, McGowen and Garner,
1970; Visher, 1972; Friedman and Sanders, 1978)
and are believed to typify fluvial depositionin a
meandering stream environment.

. Variationsin point-barsequences are also sig-
nificant. Multistory sand bodies are formed
where one stream eroded deeply into deposits
of a previous fluvial cycle, removing muddy
top stratum deposits (and, in the process,
creating mud clasts by slumping of blocks off
the cut bank and into the thalweg) and allow-
ing the prograding point bar to deposit its
sands directly on sands of the previous point
bar. Mudstone lenses with basal lag-gravels
probably represent “clay plugs” formed by the
fitling-in of river channels abandoned by
stream migration, such as cut-off meanders
and ox-bow lakes (Friedman and Sanders,
1978).

. Festoon crossbedding (according to Visher,
1972) is indicative of confined, unidirectional
flow and is therefore supportive (but not by
itself conclusive) evidence of fluvial
deposition.
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Fining-upward sequences with the Tuscaloosa Formation. Exposure A, is located on both sides of

Lindsay Creek By-pass at the intersection with Macon Road. Exposure Bis located on Wildcat Road just
south of Buena Vista Road on the Fort Benning military reservation.

4. Crossbedding dip directions suggest a

southward-flowing paleocurrent system mov-
ing down a regional paleoslope in the same
manner as present streams. Sediment disper-
sal patterns agree with this conclusion, indicat-
ing a source area to the north. This may be
seen not only in the itacolumite clasts of Tus-
caloosa gravels, but also in the heavy mineral
fraction of the sands. Their mineralogy sug-
gests a high-rank metamorphic and plutonic
igneous source, such as the Piedmont
province.

. Siderite, found in some Tuscaloosa top stra-
tum muds, provides further evidence of alluvial
origin. Siderite is only formed in freshwater
environments characterized by strongly reduc-
ing chemical conditions such as might be
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encountered in stagnant backswamp areas. It
is not likely to be marine (Berner, 1971).

6. The presence of well-preserved terrestrial
plant fossils, especially delicate leaves, sug-
gests a nonmarine environment. Also, the
complete lack of any marine fossils what-
soever supports the fluvial interpretation.

EUTAW FORMATION
Stratigraphy

The Eutaw Formation overlies the Tuscaloosa
disconformably. In the Chattahoochee Valley area,
it is approximately 38 m thick but thins toward the
east, being about 30.5 m thick in the Harmony
Church area of Fort Benning and 26 m thick east of



Fort Benning (Eargle, 1955). In the study area, the
Eutaw consists of four lithofacies, three of which
define alower, crossbedded sandy member which is
best developedin updip areas, especially in outliers
on the tops of hills in southern and central Musco-
gee County, where it comprises most of the forma-
tion (being 26 m thick in the Buena Vista Road area).
This crossbedded sandy member thins to the south,
being approximately 4.5 m thick on U.S. 27 just
south of Upatoi Creek and absent altogether 4.8 km
to the east in Ochillee Creek Valley. The fourth
lithofacies is gray, bioturbated, fossiliferous, muddy
sand and sandy mud which forms the majority of the
Eutaw in most of its main outcrop belt in Upatoi
Creek Valley. To the east, the lower sandy member
thickensuntil it makes up the entire formation in the
Flint River area. East of the Flint, the Eutaw is indis-
tinguishable from overlying units (Eargle, 1955).
The Eutaw is overlain disconformably by the Bluff-
town Formation.

Monroe (1947) considered the entire Eutaw in
western Georgia to correlate with the Tombigbee
Sand Member of the upper Eutaw in western
Albama, but diagrams in Copeland’s (1972} discus-
sion of Alabama's Coastal Plain stratigraphy show
correlation with the majority of the Eutaw in its type
section. Stephenson (1957) considered the mollus-
canfaunaofthe Eutaw in the study areato be ances-
tral to that in the Snow Hill Member of the Black
Creek Formation in North Carolinaandto be correl-
ative with the upper part of the Austin Chalk in
Texas. Christopher (this volume) uses palynology
to demonstrate correlation with the basal part of the
Austin Group, suggesting a Coniacian or Santonian
Age.

Eutaw Lithofacies

Lithologically, the Eutaw Formation in west Geor-
gia is very complex. From eight to twelve different
lithologies have been recognized, based on grain
size, sedimentary structures, and fossils. | have
grouped these into four lithologic associations, or
lithofacies, which will be briefly described in the
following paragraphs. Their stratigraphic relations
are illustrated in figure 5.

Lithofacies I.

The lowermost Eutaw lithofacies, found only in
northern parts of the outcrop belt, is characterized
by fine to coarse, poorly to moderately sorted,
unskewed to positively skewed, slightly feldspathic
quartzose sand. As a general rule, grain size
decreased upward within this unit. Heavy minerals
make up less than one percent of the sand and
include hematite, ilmenite, zircon, hornblende,
magnetite, rutile, tourmaline (two different varie-
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ties), and others (listed in order of abundance).
Comparison with Tuscaloosa heavy-mineral suites
suggests that Eutaw sands were at least partially
derived from reworking of Tuscaloosa sands,
revealed especially by the abundance of hematite in
the Eutaw which occurs in the Tuscaloosa not as a
detrital mineral but as a cementing agent. Quartz
grains are generally sub-equant to prolate and
roundness ranges from subangular to very angular.
Feldspars are severely altered. This lithofacies typi-
cally is yellowish gray (5Y 2/6), very dusky red pur-
ple (5RP 2/2) and shades of bright orange not spe-
cifically on the rock color chart.

Primary sedimentary structures include well-
developed, large-scale, wedge-shaped, tabular
crossbedding, usually overlain by large-scale
trough crossbedding (pi cross-stratification of
Allen, 1963), followed by horizontal laminations (fig.
6A). “Herringbone” crossbedding is commonly
observed above the horizontally laminated strata.
Reactivation surfaces are encountered occasionally
(fig. 6B) as well as other types of compound cross-
bedding. Well preserved, distinct Ophiomorpha
burrows are sparsely distributed throughout this
lithofacies. Polychaete burrows are also found
occasionally. Thin, silty claystone lenses are inter-
bedded with crossbedded medium to fine sand in
the upper part of this lithofacies, sometimes as “clay
drapes” between cross-laminations. Typically, thick
clay lenses are overlain by crossbedded sand con-
taining abundant clay clasts. Thin, discontinuous,
peat beds are rarely found associated with biotur-
bated sand and thin clay lenses near the top of the
unit; in one locality, a dislocated slump block of peat
is found associated with large-scale, tabular cross-
bedding. Crossbed dip directions are usually bimo-
dally distributed with modes approximately 180°
apart, the dominant mode usually being directed
southeasterly. Secondary sedimentary structures
include thin iron-oxide hardpans and hollow iron-
oxide concretions (“Indian paint pots’).

Paleoenvironmental Interpretation of
Lithofacies |I.

Lithofacies | is interpreted as representing depo-
sition in tidal channels, perhaps associated with a
tidal delta. Herringbone crossbedding, reactivation
surfaces, and bimodally distributed crossbed dip-
directions indicate reversing-flow conditions. The
overall fining-upward character of the sediment and
associated change in sedimentary structures from
large-scale tabular and trough forms at the bottom
to horizontal laminations and small-scale cross-
bedding at the top is similar to the stratigraphic
sequence produced by the migration of tidal chan-
nels (Kumar and Sanders, 1974). Bioturbated sands
with clay lenses and peat beds at the top suggest
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Figure 5. Stratigraphic cross section and inferred correlations of Eutaw lithofacies in southern Muscogee and
Chattahoochee Counties. Vertical lines indicate outcrop control of cross section.

channel abandonment and the development of a constitutes the lowermost part of the Eutaw in its
marsh environment. | have interpreted the strongly main outcrop belt, lying directly on the Tuscaloosa.
stained character of these upper sands and clays to It is characterized by medium to very coarse, mod-
be due to oxidation of dispersed organic materials erately sorted, quartzose sand with iron oxide
and various divalent metal ions, originally deposited cement scattered through the unit as thick hard-
under the reducing conditions typically encoun- pans, irregular layers, and other masses. Grain size
tered in marsh environments. Abundant clay clasts decreases upward within this unit but does not pass
were formed during storms which ripped up marsh into a stained clay-lens and peat-bed aspect as in
deposits and the dislocated peat block mentioned Lithofacies |. Rather, grain size decreases steadily,
aboveis believed to have slumped off the cut bank of grading continuously into Lithofacies Ill. Heavy
a tidal channel during its migration. Ophiomorpha mineral suites containtourmaline, rutile, and zircon,
burrowsindicate normal marine, shallow subtidal to suggesting that ferromagnesian minerals seen in
low intertidal conditions (Weimer and Hoyt, 1964). the first lithofacies have been removed by intrastra-
tal solution possibly providing some of the material
Lithofacies I/ for iron-oxide cementation. Color ranges from
moderate reddish brown (10R 4/6) to light brown
The second lithofacies lies disconformably on the (5YR 6/4) with little of the color variability of Lithof-
firstin northern parts of the study area (fig. 6C) and acies .
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Figure 6.
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Features of the Eutaw Formation. A, Vertical section through tidal channel sequence in Lithofacies |, B,
Reactivation surfaces within coarse sand in Lithofacies | (object at lower right is head of entrenching
tool). C, Sharp, disconformable contact (arrow) of Lithofacies |l overlying Lithofacies I. D, "Ball and
pillow” structures in updip exposure of Lithofacies Ill. E, Hummocky crossbedding and burrowing in
Lithofacies Ill interbedded with Lithofacies IV, F, Horizontal bedding and mud clast conglomerates in
Lithofacies Il
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This lithofacies is characterized by large-scale,
trough crossbeds and less abundant tabular
crossbeds. Scale of crossbedding decreases
upward in the unit, gradually being replaced by
massive, unstructured sediments at the top. Ophi-
omorpha burrows are especially common at the
base of the unit, where they may be so abundant that
individual burrows are not distinguishable within a
maze of burrows. The number of Ophiomorpha bur-
rows decreases toward the top of the lithofacies
where they disappear altogether. Crossbed dip
directions box the compass with no obvious modal
direction.

The environmental interpretation of this lithofa-
cies is drawn not only from its specific characteris-
tics but also from the character and stratigraphic
relations of the two overlying lithofacies, which
form (with Lithofacies Il) an essentially continuous,
conformable “package” of strata. Consequently,
discussion of paleoenvironments will be postponed
untilthe remaining lithofacies have been described.

Lithofacies I,

The third lithofacies lies conformably on the
second across a continuous, gradational contact in
northern areas where it forms one to two-meter-
thick tabular layers. These layers are traceable over
fairly large areas and can be shown to thin progres-
sively toward the south where they are intercalated
with layers of the fourth lithofacies, usually with an
abrupt, erosional, lower contact and a relatively
sharp but mixed, gradational, upper contact. Lithof-
acies lllis characterized by fossiliferous, fine to very
fine, moderately to well sorted, silty, micaceous,
quartzose sand. Heavy minerals compose up to
three percent of the sediment and consist of ilmen-
ite, rutile, zircon, almandite, tourmaline, and rare
glauconite. Fine, carbonaceous, plant debris is
observed on bedding planes, especially in downdip
areas where Lithofacies Il is mainly represented by
thin layers within Lithofacies IV. Color is generally
light olive gray (5Y 6/1) but in places approaches
very light gray (N8). Carbonaceous laminae are
generally shades of brown.

In updip areas, the third lithofacies is typically
massive or contains well-developed, large, "ball-
and-pillow™ structures (fig. 6D). In other areas, it
contains horizontal laminations and very low-angle
crossbedding of the type called “hummocky cross-
stratification” by Harms (1975). This type of bed-
ding has the following characteristics: “(1) lower
bounding surfaces of sets are erosional and com-
monly slope at angles less than 10 degrees . .., (2)
laminae above these erosional set boundaries are
parallel to that surface, or nearly so, (3) laminae can
systematically thicken laterally in a set, so that their
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traces on a vertical surface area are fan-like and dip
diminishes regularly, and (4) the dip directions of
erosional set boundaries and of the overlying lami-
nae are scattered” (Harms, 1975, p. 87). In addition,
bounding surfaces between sets are typically con-
vex upward (Harms, 1975, fig. 5-5), Figure 6E is a
photograph of Lithofacies It showing these charac-
teristics. Frequently associated with hummocky
crossbedding are thin beds of intraformational con-
glomerate whose clasts are sub-equant, sub-
rounded “balls of medium dark-gray (N4) silty clay,
similar to some clay beds in Lithofacies IV (fig. 6F).
Distinct burrowing is often observed, especially at
the tops of layers and some can be recognized as
the escape burrows of a callianassid-shrimplike
organism (Ron Taylor, personal commun., 1979).

This lithology is frequently very fossiliferous with
numerous molds and casts of bivalves (Cardium,
Protarca, and Corbula, to name a few), gastropods,
and cephalopods, along with rare sharks' teeth and
fish scales. The fossils are typically found on bed-
ding plane surfaces and are uniformly small (regard-
less of their genera), suggesting hydrodynamic
sorting during transportation. The shells are gener-
ally unrounded, however, and thus have not been
transported far.

Lithofacies IV.

The fourth lithofacies composes the bulk of the
Eutaw Formation in its main outcrop belt in Upatoi
Creek Valley. It is intercalated with the third lithofa-
cies, and individual beds thicken as Lithofacies Il
beds thin in the downdip direction. In most of the
study area, Lithofacies IV is a fossiliferous, poorly
sorted, silty, clayey, very fine to fine, micaceous,
guartzose sand, but the average grain size
decreases gradually downdip so that on the south
side of Upatoi Creek the unit is composed of very
fine sandy, clayey siltstone or even silty claystone.
The primary texture of the sediment is speculative
since the entire lithofacies is strongly and perva-
sively bioturbated. What may have originally been
alternating layers of very fine sand and silty clay are
now layers that are completely intermixed and
churned up. The sediment contains up to two per-
cent muscovite mica, and heavy minerals include
glauconite, rutile, almandite, ilmenite, tourmaline,
hematite, zircon, and magnetite. Glauconite grains
are generally fine to very fine sand size and have a
subrounded appearance. The sediment ranges in
color from medium light gray (N6) to dark gray
(N3).

‘Notice has already been taken of the completely
bioturbated character of the sediment which results
in a distinctly to indistinctly mottled appearance. In
some instances, individual trace fossils can be



observed and are dominantly horizontal in their
orientation although they may be seen to move up
and down through the strata along their horizontal
course. Some of these burrows are recognizable
because of the presence of clean, white sand within
generally dark-gray mud, suggesting sand infilling
of open burrows. Calcareous concretions, occa-
sionally with septarian-type shrinkage cracks,
occur in downdip areas, usually associated with
very fossiliferous horizons. The septarian aspect of
these concretions is taken to imply relatively low
sedimentation rates because the shrinkage neces-
sary to crack the sediment could not have occurred
under high lithostatic (and hydrostatic) stressin the
deeper subsurface.

This lithofacies is abundantly fossiliferous (see
Stephenson, 1957) with numerous bivalves (espe-
cially Exogyra upatoiensis, Ostrea cretacea, Gry-
phaea wratheri, Anomia argentaria, Cardium sp.
Nucula sp., etc.), gastropods, cephalopods (for
example, Placenticeras, benningi), abundant sharks’
teeth, fish vertebrae, and unidentified bone mate-
rial. Unlike the fossils in Lithofacies Ill, those in
Lithofacies IV range widely in size and some appear
tobein life position. Carbonaceous plantdebrisand
pieces of lignite (from small “twigs” up to half-meter
long “logs") are found dispersed through the litho-
facies, butlignitic pieces are “water-worn” in appear-
ance and plan debris (like that in Lithofacies Ill) is
composed of very small fragments with no recog-
nizable leaf prints.

Paleoenvironmental interpretation of Lithofa-
cies I, I, and IV.

The upper three lithofacies are considered
together because they constitute a stratigraphically
and genetically related unit. | interpret them as
representing deposition in progressively deeper
subenvironments of the shore zone, the record of a
marine transgression.

Lithofacies Il is considered to have been depos-
ited on the low-tide terrace of the upper shoreface
(or swash zone) just below mean low-water mark
(Davis, 1978). The dominance of trough cross-
stratification implies megaripple migration (see
relation of bed forms to shore geometry in Clifton,
and others, 1971) and subordinate tabular cross-
stratification represents deposition from sand
waves during slight fluctuations of hydraulic condi-
tions, especially depth of flow. Strongly polymodal
paleocurrent data suggest highly variable flow con-
ditions of the wave-, tide-. and storm-influenced
upper shoreface (Selley, 1968; see also the paleoc-
urrent model for low-tide terrace deposits in figure
34, Davis, 1978). The abundance of Ophiomorpha
burrows at the base of Lithofacies |l coincides in this
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model with the area just beiow low tide, the same
area preferred today by Callianassa major, the most
likely candidate for the “Ophiomorpha - animal”
(Weimer and Hoyt, 1964). Vertical change in grain
size and in scale of cross stratification indicates
progressively deepening water as sea level rose,
increasing the distance from shore.

Lithofacies Il grades upward into Lithofacies |ll,
which is believed to represent deposition on the
lower shoreface. Harms (1975, p. 87) characterizes
lower shoreface sediments as consisting of “very
fine to fine sandstone with tabular beds of nearly
horizontal stratification or hummocky cross-
stratification. . . . The sandstone contains more
mica and carbonaceous fragments than does the
upper, swash zone facies.” Hummocky cross-
stratification is believed by Harms (1975) to have
been formed by strong storm-wave surges over the
lower shoreface, a speculation supported in Eutaw
deposits by the association of mud-clast intraforma-
tional conglomerates and hydrodynamically sorted
bioclasts. Burrowing within Lithofacies |1l deposits
provides supportive evidence for this model as does
the presence of fine carbonaceous debris on bed-
ding planes and as discrete laminae instead of
dispersed through the sediment as might be
expected if the source of the debris were nearby.
The high degree of sorting of Lithofacies Ill sand
and relatively high proportion of heavy minerals
suggest constant winnowing and reworking of the
sediment by waves. The constantly downdip-
thinning and continuous, tabular nature of Lithofa-
cies |l strata may also be considered as evidence
for the proposed model, since the shoreface is a
geographically continuous zone characterized by
water-depth asymmetry away from land.

As water depth continued to increase during
transgression, the lower shoreface was progres-
sively less affected by wave agitation, passing grad-
ually into the transition zone between the shoreface
and the shallow shelf. The transition zone, repres-
ented in Eutaw strata by Lithofacies IV, is character-
ized by intensely bioturbated sandy, silty, clayey
sediment (Harms, 1975) and acosmopolitan marine
faunal assemblage. Lithofacies IV fossil assemb-
lages do not appear to have been transported any
significant distance and are characterized by high
diversity and moderate density, an ecological situa-
tion typical of open marine environments. The rela-
tively large amount of carbonaceous debris is sup-
portive evidence of the transition zone interpreta-
tion. Campbell (1971) reports that carbonaceous
particles exceeded ten percent of total grains in
some transition zones within the Gallup Sandstone.
Such carbonaceous material was probably carried
by ebbtidal currents or storm currents and allowed
to settle out relatively far from land where wave



energy was less. The geometry of Lithofacies IV
strata is also significant. They thicken in the down-
dip direction, implying that it was progressively bet-
ter developed with increasing distance from land.
The presence of thin intercalated layers of Lithofa-
cies Illl-type sediment probably represents storm
deposits, formed by waves of great length which
scoured the bottom and momentarily initiated
lower-shorefacelike conditions. Gradual decrease
in grain size in the downdip direction implies grad-
ual deepening of water and the change to a true
graded shelf environment. Such true shelf deposits
do not exist in surface exposures of the Eutaw For-
mation in Georgia; however, they are found in Ala-
bama (Reinhardt, this volume).

Eutaw Paleogeography

It remains now to assemble the specific deposi-
tional environments discussed above into a coher-
ent reconstruction of Eutaw paleogeography. |
believe that the Eutaw Formation in western Geor-
giarepresents a barrier-island complex formed dur-
ing rising sea level. However, all of the original
barrier-complex facies have not been retained in the
stratigraphic record. Subaerial facies were removed
by erosion as the transgressing sea pushed the bar-
rier complex landward, producing the disconfor-
mity between Lithofacies | and Lithofacies II. This
barrier retreat and concomitant erosion resulted in
the deposition of subtidal shore-zone sediments
(Lithofacies I, IH, and 1V) directly over subtidal
back-barrier sediments (Lithofacies 1). This model
presumes the former existence of more extensive
back-barrier facies north of the present Eutaw
outcrop belt. These deposits have been removed by
post-Eutaw erosion, either during pre-Blufftown
emergence or, more likely, during a more recent
period of emergence.

Complete preservation of barrier-complex depos-
its in transgressive stratigraphic sequences is rare,
but has been reported (for example, Hobday and
Tankard, 1978). For such preservation to occur,
however, there must be an equilibrium between sed-
iment influx and sea-level rise. Should rate of sedi-
mentinflux exceed the rate of sediment dispersal by
marine processes (longshore currents, tidal cur-
rents, etc.), then a prograding barrier would form,
even in a transgressive regime. On the other hand,
very low rates of sediment influx may well result in
the development of a retreating bartier complex
whose sediments are completely reworked by
marine processes, leaving no record whatever of the
barrier's existence. Selley (1978) shows that there is
a complete continuum between total retention of a
transgressive barrier sequence and zero retention.
The Eutaw Formation of Georgia thus falls some-
where within that continuum.
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At some point during Eutaw time, sea-level rise
slowed or stopped. This may actually be responsi-
ble for preservation of the back-barrier environment
in extreme northern parts of the outcrop belt. The
tendency of the Eutaw to become increasingly
sandy near the top of the unit (Eargle, 1955) is pos-
sibly due to the onset of barrier progradation late in
Eutaw time as a result of this new marine regime.
The disconformity separating the Eutaw and Bluf-
ftown Formations may be due to falling sealevel and
emergency following the cessation of sea-level rise.

CONCLUSIONS

The Tuscaloosa Formation is the lowermost unit
of the outcropping Cretaceous System in Georgia.
It was deposited over a relatively low erosional sur-
face developed on Piedmont crystalline rocks, in
places with a lateritic soil intervening between
gneissic saprolite and Tuscaloosa sediment. The
hallmark of Tuscaloosa strata in Georgia is the
fining-upward stratigraphic sequence in which
coarse to pebbly arkosic sand at the bottom is over-
lain by sediment of continuously decreasing grain
size, grading finally into mottled silty mudstone at
the top. The changein grain size is accompanied by
a corresponding change in sedimentary structures
fromlarge-scale tabular crossbeds below to smaller
scale trough crossbeds and ripple bedding above.
Eachsequenceis separated from vertically adjacent
sequence by local disconformities. Considered to
be the records of deposition on prograding point
bars, these fining-upward sequences constitute the
primary evidence for interpretation of Tuscaloosa
sediments as being fluvial in origin. Supporting evi-
denceincludes the presence of “clay plugs” formed
in abandoned channels, multistory sand bodies,
well-preserved leaf fossils, and siderite spherules.

The overallimpression about west Georgia paleo-
geography during Tuscaloosa time is of a forested
alluvial plain adjacentto a very old Piedmont upland
which supplied immature sediment whose mineral-
0ogy suggests that their source was an igneous and
metamorphic complex. Climate was probably tropi-
cal to subtropical, but deposition was rapid enough
to allow preservation of feldspars (albeit intrastra-
tally altered) and other labile heavy minerals.

The Eutaw Formation represents the first marine
incursion in west Georgia recorded in outcropping
Cretaceous strata. The Tuscaloosa-Eutaw contact
is disconformable, suggesting a period of erosion
before Eutaw deposition. Eutaw strata are divided
into four lithofacies based on grain size, sedimen-
tary structures, and fossils. Lithofacies | is a tabular
andtrough crossbedded, slightly feldspathic, fine to
medium quartzose sand with Ophiomorpha bur-
rows, reactivation surfaces, herringbone crossbed-



ding, and lenses of mottled mudstone and peat.
Lithofacies | is considered to be tidal-channel dep-
osits, probably part of atidal delta. Lithofacies Il isa
trough crossbedded, Ophiomorpha-burrowed, par-
tially iron-cemented, medium to coarse quartzose
sand with polymodal crossbed dip directions. It is
believed to represent the upper shoreface environ-
ment. Lithofacies Ill is a horizontally bedded to
hummocky, crossbedded, fossiliferous, micaceous,
well-sorted fine to very fine quartzose sand with
relatively high amounts of heavy minerals and car-
bonaceous laminae.lt is believed to represent the
lower shoreface. Lithofacies IV is acompletely biot-
urbated, fossiliferous, micaceous, carbonaceous
silty sand and sandy mudstone which is interpreted
as the transition zone between shoreface and shelf.
Taken together, these lithofacies are considered to
have been deposited in a barrier-island complex
formed during marine transgression very early in
Eutaw time. As the transgression was apparently
rapid, sedimentinflux tothe area was unable to keep
pace with rising sea level and the barrier complex
was pushed back to the north with continuous ero-
sion and reworking of barrier deposits so that few
sediments were left to record the event other than a
thin sheet of sand at the base of the Eutaw in down-
dip areas. With increasing water depth, a vertical
succession of upper shoreface to lower shorefaceto
transition zone was deposited. Sometime later, sea-
level rise slowed and then stopped, leaving unre-
worked back-barrier flood tidal-delta deposits over-
lain by the transgressive shoreface sequence,
across a disconformity which represents the remo-
val of subaerial-barrier faces. Responding to the
new marine regime, the barrier complex prograded,
resulting in an increasingly sandy aspect at the top
of the Eutaw Formation.
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PALEOCENE TO MIDDLE EOCENE DEPOSITIONAL CYCLES
IN EASTERN ALABAMA AND WESTERN GEORGIA

Thomas G. Gibson

U.S. Geological Survey
Washington, D.C.

ABSTRACT

Six Paleocene to middle Eocene matine units are pres-
entin eastern Alabama and western Georgia. The compo-
sition of these units varies from predominantly carbonate
sediment, deposited during times of low clastic influx, to
predominantly carbonaceous clay, silt, and sand depos-
ited during times of higher clastic supply. As much as 150
m of modern topographic relief in the Chattahoochee
River drainage area provides an unusually long and nearly
continuous north-south sequence of exposuresin an area
in which the strata generally dip 4 to 6 m per km south-
ward. These north-south sequences commonly include
the transition from nonmarine or marginal marine to
marine strata. Where preserved, fluvial and marginal
marine deposits that consist of kaolinitic clay, cross-
bedded fine- to medium-grained sand, and poorly sorted,
coarse clastic material grade downdip into calcareous
and glauconitic sand, silt, and silty clay containing abun-
dant macro-invertebrate fossils. The lower, marginal ma-
rine to marine parts of the transgressive units consist of
fine to coarse sand and generally are preserved; the upper
regressive phases consist of silts and clays and are less
well represented.

Biostratigraphic information from calcareous nanno-
plankton and foraminifers indicates that these trans-
gressions are generally coeval with those of the Atlantic
Coastal Plain and with global transgressive patterns, but
that some regional differences exist.

The Clayton Formation of early Paleocene (Danian)
age represents the most widespread Cenozoic trans-
gressive unitin the Chattahoochee area. During the Clay-
ton encroachment, Providence Sand (Upper Cretaceous)
was reworked and forms the basal part of the formation;
deposition of this sand was followed by deposition of
shelly carbonate debris and calcareous sands, indicating
low clastic influx into the basin. These limestones thicken
rapidly downdip. Marginal marine deposits are limited to
thin clays in the northernmost part of the outcrop belt.

The record of two transgressions is found in the upper
Paleocene deposits. In the updip outcrop area, the Nana-
falia Formation largely consists of kaolinitic clay, locally
bauxitic, of fluvial to marginal marine origin, grading
downdip into abundantly fossiliferous marine glauconitic
sand and clay that overlie crossbedded medium to coarse
clastic deposits containing abundant carbonaceous de-
bris. The overlying Tuscahoma Sand thickens rapidly
downdip. The basal transgressive glauconitic coarse
sand of the Tuscahoma is overlain by a thick sequence of
laminated silt and carbonaceous clay that represent
restricted marine to shallow marine environments.
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The glauconitic sand and clay of the Bashi Marl Mem-
ber of the Hatchetigbee Formation represent an extensive
transgression during the earliest Eocene. In contrast to
the other units, the Bashi thins downdip, suggesting a
restricted sediment supply. The upper part of the Hatche-
tigbee Formation is not present in this area.

The Tallahatta Formation of early middle Eocene age
unconformably overlies the Bashi. Basal coarse sands
and gravels are found in channels incised into the Bashi.
Downdip, the lower part of the Tallahatta is composed
largely of fossiliferous sand and limestone.

INTRODUCTION

The relatively high elevation of the Coastal Plain
(commonly reaching 150-210 m) and the high relief
resulting from dissection in the Chattahoochee
River drainage area in westernmost Georgia and
easternmost Alabama provide an outstanding series
of exposures of Paleocene strata in the eastern Gulf
Coastal Plain (Toulmin and LaMoreaux, 1963). This
relief, together with the gentle southward dip of
strata into the Southwest Georgia Embayment, has
resulted in a long series of north-south exposuresin
which both the updip and downdip facies of in-
dividual units may be observed. The outcrop area is
in the transition zone from marginal marine to
marine environments, and the change from non-
marine or marginal marine sediments to open ma-
rine facies is usually present. Another aid in follow-
ing units is that the larger outcrops may expose
more than 30 m of section in an area where the
formations are relatively thin, generally less than 30
m thick; thus, several formational contacts can be
seen within a single outcrop. As an example, lower
Paleocene strata are present at elevations of about
200 m in the northern end of the study area (fig. 1)
and can be followed southward to elevations of less
than 45 m. Because the strata have a generalized dip
of 4 m per km, a 30- to 50-km long sequence of
exposures existsin an area of transition from mixed
marine and marginal marine environments in the
north to completely marine environments in the
south. Most stratigraphic sections are selected from
the abundant outcrops in eastern Alabama, but
coreholes have been drilled in critical locations for
additional stratigraphic control.



NORTH
CAROLINA

———n —~
~
N

TENNESSEE
B =

\ “\_‘

SOUTH
CAROLINA

“\

GEORGIA
ALABAMA

S ——

L4
s,

™~

Residuum

|:| Tallahatta-Lisbon Formations

=z

i Tuscahoma-Hatchetigbee Formations
- Nanafalia Formation

Clayton Formation

D Cretaceous units

GEORGIA ‘%

Figure 1.

Geologic map of Paleocene to middle Eocene strata in eastern Alabama and western
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Alabama to northeastward in Georgia.

Six depositional cycles in Paleocene to middle
Eocene rocks of this area were delineated by litho-
stratigraphic mapping. One of the breaks between
cycles was 3-4 million years (m. y.) long; the other
five breaks were shorter intervals (fig. 2). Age
assignments for the units were obtained by using
biostratigraphic data from calcareous nannofossils,
foraminifers, and sporomorphs. Generally, few
planktonic foraminifera are found in these strata
because of deposition in shallow marine environ-
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ments; however, sufficient calcareous nannofossils
are found to permit correlation of many of the units
with the worldwide microfossil zonations.

The environments of deposition for the strata are
interpreted from the paleontologic data (foramini-
feral species diversity, planktonic-benthonic fora-
miniferal ratios, diversity and relative abundance of
dinoflagellates, and molluscan assemblage), sedi-
mentary structures, and regional patterns of de-
position.
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REGIONAL DISTRIBUTION

The outcrop pattern of the Paleocene to middle
Eoceneformationsin eastern Alabama and western-
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most Georgia is shown in figure 1. This figure is
modified from the mapping of Tertiary strata in
these two states by MacNeil (1946, 1947). In Georgia
the Clayton and Nanafalia Formations and the Tus-
cahoma Sand and Hatchetigbee Formation were
combined into paired units and mapped together by
MacNeil (1947). The strike of the formations
changes from predominantly east in eastern Ala-
bama to northeast in western Georgia; the generally
north-south sections studied here are largely in
Alabama and thus are approximately at right angles
to the strike.

The lithologic sections presented here extend
from Clayton, Ala., onthe northwest to Blakely, Ga.,
on the southeast. These sections are in the area of
transition from nonmarine and marginal marine
environments in the north to marine environments
inthe south. The Clayton Formation and Bashi Marl
Member of the Hatchetigbee Formation consist of
marine facies over much of the area and contain
marginal marine units only near their northern limit;
the Nanafalia and Tallahatta Formations have ex-
tensive areas of both marine and marginal marine
facies; and the Tuscahoma Sand is composed lar-
gely of marginal marine facies except for one exten-
sive marine facies at the base.

The lithologies of the formations vary as a result
not only of differences in the depositional environ-
ments in which they formed, but also as a result of
differences in rate of supply of clastic sediments
into the basin. Carbonate sediments are dominant
in marine facies of the Clayton Formation of early
Paleocene age, but then they are essentially absent
in outcrop until the Tallahatta Formation in the mid-
dle Eocene. Glauconitic strata are common in the
transgressive parts of the Tuscahoma and Bashi
and are persistent throughout the marine parts of
the Nanafalia. These lithofacies reflect the low
amount of detrital material being brought into the
basin. Clay is the dominant clastic sediment in the
Nanafalia Formation; it was trapped in marginal
marine environments that existed north of Ft.
Gaines, Ga. Where quartzose sands dominate the
clastic sediment fraction, such as the fine sands of
the Bashi, the unit rapidly thins downdip, indicating
a low influx of sand. The major time of significant
clastic input is represented by the Tuscahoma
Sand, which thickens downdip to 45 or possibly 60
m of clay and silt (Toulmin and LaMoreaux, 1963).

The lithologic and paleoenvironmental patterns
of each formation will be presented from oldest to
youngest, and finally the regional implications of
the transgressive cycles will be discussed.
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STRATIGRAPHIC SUMMARY

age, probably belonging to nannofossil zone NP3
Clayton Formation (Laurel M. Bybell, U.S. Geological Survey, written
commun., 1979). Only calcitic moliusks or mollus-
The type locality of the Clayton Formation is at ~ ¢an molds and casts remain in many exposures
Clayton, Ala. in the northwestern part of the study because of leaching of the calcareous microfossils
area (fig. 3, loc. 18). The few outcrops of the and aragonitic megafossils, and therefore, correla-
Clayton Formation in this area that have yielded tion of these localities with the international zona-

datable marine microfossils give an early Paleocene  tions is not possible.
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The Clayton Formation in the study area was
deposited mostly in shallow marine environments,
with fewer strata formed in marginal marine envir-
onments. In.the more northerly outcrops, massive
or crossbedded quartzose sands, sometimes con-
taining Ophiomorpha and other burrows,dominate.
These sands represent nearshore subtidal sand
sheets and associated bars. They form the most
northward exposure of the Paleogene units, being
found 6 km northwest of Clayton at an elevation of
198 m. These nearshore sands commonly contain
local shell lenses, 1.5to3 minlengthand0.5to1m
in thickness, predominantly composed of oysters
and Turritella. These lenses generally are indurated
because of local leaching of carbonate shell mate-
rial and redeposition of calcite cement.

In the type area at Clayton (fig. 3, loc. 18), the
sequence of buff to red sands and sandy limestones
is divisible into an upper and lower sequence by
gray to black clay beds that are approximately 9 m
above the base of the formation. The clayey strata
range in thickness from0.9 minarailroad cuton the
northeast side of Clayton to as much as4.5 m 1-2
km farther south and southwest. The clayey strata
0.9 m thick are laminated with quartz and muscovite
silt interbeds; abundant leaves belonging to only a
few species are present in these beds. These char-
acteristics plus the presence of large, heavy pollen
and spores and a low relative abundance and diver-
sity of dinoflagellates suggest deposition in a mar-
ginal marine lagoon. In the thicker clay intervals to
the south and southwest, the clays are more mas-
sive and weather with ablocky appearance because
of subconchoidal-fracturing montmorillonite- cris-
tobalite clay facies found here (Reynolds, 1966). An
exposure of the clay unit, about 8 km east of Clay-
ton, contains abundant glauconite and suggests a
more open marine influence toward the southeast.

To the southeast of the type area, the Clayton
Formation thickens rapidly and is represented by a
predominantly carbonate section (fig. 3). A section
of 55 m of mostly sandy limestone was reported by
Toulmin and LaMoreaux (1963) to be at the WalterF.
George Dam on the Chattahoochee River near Ft.
Gaines. The limestone is highly fossiliferous; oys-
ters and bryozoan fragments are the dominant
constituents.

The Clayton Formation represents the most wide-
spread transgression during Paleocene to middle
Eocene time in this part of the Southwest Georgia
Embayment as indicated by the geographic location
of the facies (fig. 3). The sequence of lagoonal to
marginal marine clay beds indicates at least one
minor regression during Clayton time. The largely
carbonate composition of the Clayton in most of the
basin shows a paucity of clastic influx. Quartzose
sands are prevalent only in the lower part of the
Clayton and probably are largely derived from the
thick underlying sands (as much as 50 m) of the
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Providence Sand (Upper Cretaceous). Additional
support for this provenance is from the large num-
ber of reworked sporomorphs of Late Cretaceous
age found in the lowermost leaf-clay bed of the
Clayton (Norman O. Frederiksen, U.S. Geological
Survey, written commun., 1979).

Porters Creek Clay

An exposure of waxy-appearing, dark-gray to
black, silty clay of the Porters Creek Clay is near the
type area of the Clayton Formation northeast of the
center of Clayton. The beds crop out on both sides
of aroad and expose about 1.6 m of section; the total
thickness here of the Porters Creek is 7.3 m as
determined from a corehole. The presence of small
mollusks, foraminifers, and calcareous nannofos-
sils indicates a shallow, open-shelf environment of
deposition. The lowermost 0.6 m was dated by cal-
careous nannofossils as probably belonging to
zone NP3 of early Paleocene age (fig. 3); the upper
6.7 m is assignable to zone NP4 of late Paleocene
age (Laurel M. Bybell, U.S. Geological Survey, writ-
ten commun., 1979).

The exposure of the Porters Creek at Clayton is
the only one presently known in the entire study
area. However, the presence of open-marine Por-
ters Creek strata as far updip as Clayton indicates
that this unit probably covered much of this area,
but since has undergone extensive stripping. The
large area that was stripped is indicated by the
absence of Porters Creek strata even in the most
downdip exposures in the study area along the
Chattahoochee River where the Nanafalia Forma-
tion rests directly upon Clayton strata.

The composition of the Porters Creek at Clayton,
plus the generally clastic nature of the Porters
Creek throughout the eastern Gulf Coast indicates
that clastic sedimentation was increasing as far east
as the Chattahoochee River area at this time. The
clastic nature of the Porters Creek is in contrast to
the dominance of carbonate sedimentsin the under-
lying Clayton, although both formed in shallow
marine environments.

Nanafalia Formation

The deposition of the Nanafalia Formation fol-
lowed an interval of approximately 1 m.y. during
which significant erosion took place (fig. 3). The
Porters Creek Clay was largely stripped from this
area and the karst topography on top of the Clayton
Formation probably formed during this time inter-
val. The northward or updip extent of the Nanafalia
transgression was less than that of the underlying
Clayton and Porters Creek as the transition from
nonmarine or marginal marine to marine beds of the
Nanafalia is found 50 km south or downdip of
marine beds in the underlying two units.



The lower part of the Nanafalia is composed of a
sequence of nonmarine to marginal-marine carbo-
naceous, micaceous sands, commonly containing
clay-clast conglomerates at or near its base. In
updip areas, these deposits rest in broad channels
formed in the top of the Clayton. Downdip, as seen
near Ft. Gaines, they commonly are preserved in
sinkholes in the top of the cavernous Clayton limes-
tones. These lower beds probably are equivalents of
the Gravel Creek Sand Member of the Nanafalia in
western Alabama (Marsalis and Friddell, 1975). The
remainder of the Nanafalia is sharply divided into a
marginal marine or possibly in part nonmarine
facies found to the north-northwest of Ft. Gaines
and a marine facies found to the south. The margi-
nal marine section consists of kaolinitic clays,
commonly bauxitic, in which channelized units of
medium to coarse micaceous crossbedded sands
and carbonaceous to lignitic clays are found (fig. 4,
loc. 55 and 65). Dinoflagellate assemblages of low
diversity are found in these beds and indicate depo-
sition in a marginal-marine, lagoonal-type environ-
ment rather than a nonmarine one for most local-
ities.

Farther downdip, near Ft. Gaines, the facies
change to shelly, glauconitic fine sand (fig. 4, Chat-
tahoochee River section). These strata were depos-
ited in inner-shelf environments in an area where
most of the limited clastic influx was trapped in
lagoons behind bar complexes. Changes in relative
sea level are indicated by the presence of clay beds
containing foraminiferal assemblages of low diver-
sity within the middle part of the glauconitic se-
quence; these clay beds suggest marginal marine
conditions within a generally marine succession.

Sporomorphs of late Paleocene age are found in
the marginal marine beds. More detailed biostrati-
graphic zonation is possible in the marine beds of
the Nanafalia Formation; here calcareous nanno-
plankton indicative of zones NP6 to NP8 are found,
indicating that the Nanafalia occupies the middle
part of the upper Paleocene (fig. 2).

Tuscahoma Sand

The basal unit of the Tuscahoma is a glauconitic
medium to coarse sand, usually containing quartz
and phosphate pebbles, clay clasts to 10 c¢cm, and
abundant mollusks, particularly Chlamys greggi
Harris. These strata represent a strong transgres-
sive pulse that extended 30 km or more northward or
updip from the contact between marine and margi-
nal marine facies of the underlying Nanafalia For-
mation. The contact between these dark marine
beds of the Tuscahoma and the light-colored kaoli-
nitic and bauxitic clays of the underlying Nanafalia
marks a conspicuous datum in many of the bauxite
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mines in this area. Strata of the marine unit range in
thickness from 1 m in the updip areas to as much as
6 min the more downdip exposures (fig. 5). Overly-
ing the glauconitic beds is a thick regressive se-
quence, ranging in thickness from 15 m updip to 45
m downdip, of laminated silts and clays, commonly
carbonaceous. Calcareous fossils have not been
found in these beds. The fine-grained, laminated
nature of the beds and the low diversity of dinofla-
gellate assemblages found in them indicate that
these beds formed in a protected lagoon of lowered
salinity. Laminated beds of the Tuscahoma extend
across Alabama and into Mississippi (Toulmin,
1977); therefore, a complex of protected lagoons or
sounds probably extended across much of the east-
ern Gulf Coast area during this time.

Coreholes slightly south of the outcrop belt have
not penetrated marine beds in the upper part of the
Tuscahoma; thus the regression must have been
considerable. The thickness of silt and clay indi-
cates that significant amounts of clastic material
were ponded in this protected area during the late
Paleocene.

The basal marine strata of the Tuscahoma Sand
contain calcareous nannoplankton indicative of
zone NP9 (fig. 2). As the underlying upper beds of
the Nanafalia are placed in zone NP8, a short time
break may separate the two formational cycles. The
upper, marginal marine part of the Tuscahoma does
notcontain calcareous microfossils, but it does con-
tain sporomorphs of late Paleocene age, resultingin
a late Paleocene age for the entire formation.

Bashi Marl Member of the Hatchetighee Formation

This lower member of the Hatchetigbee Forma-
tion represents another transgression of the con-
siderable extent throughout this area (fig. 2). As in
the Tuscahoma, the beds at the base are highly
glauconitic and contain abundant molluscan shells.
In the downdip exposures, the entire Bashi is only
10.6 m thick and is composed of glauconitic and
shelly clay, silt, and sand, entirely of shallow marine
origin (fig. 6). Updip, the member changes to an
upper and lower sand unit sequence separated by a
clay unit that is commonly laminated. The lower
sand unit is strongly crossbedded and is gravelly at
the base; the upper part of the lower unitis similarto
the upper sand unit in being fine to very fine, well-
sorted sand containing scattered shell molds. The
sands appear to have been deposited in very shal-
low, nearshore environments; the laminated clay
suggests a more restricted marine or marginal
marine environment.
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Figure 4.

Lithology and thickness of the Nanafalia Formation in eastern Alabama.

Representative stratigraphic sections are from outcrops and well holes as
shown on location insert. Note change from bauxitic and carbonaceous
clay in north to mostly shelly sand to the south.

The foraminiferal assemblages in some of the
downdip exposures along the Chattahoochee River
suggest greater depths of deposition than in most of
the underlying units, showing the updip extent of
the transgression. Depositional environments ap-
proaching 60 m of water depth are indicated by
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samples having 30 species of benthonic foraminif-
era plus 20 to 30 percent planktonic specimens. As
shown in figure 6, the updip sections approximate
21 m in thickness but thin downdip to 10.6 m. This
thinning suggests that clastic sediments were being
concentrated in nearshore environments rather than
passing further into the basin during this time.
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" Nanafalia

Lithology and thickness of the Tuscahoma Formation in eastern Alabama. Repre-

sentative stratigraphic sections are from outcrops and well holes as shown on
location insert. Note marine facies of glauconitic, shelly sand at base, overlain by
carbonaceous clay and silt section which rapidly thickens downdip.

Calcareous nannofossil assemblages are found
throughout the downdip sections of the Bashi. All
samples belong to zone NP10, indicating-a short
time span for Bashi deposition. As the lithology and
age of the downdip sections is consistent with what
is known of the Bashi Marl Member in western Ala-
bama, it appears that the upper, unnamed member
of the Hatchetigbee Formation is not present in this
area.
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Tallahatta Formation

The Tallahatta Formation reflects less trans-
gressive conditions than the underlying Bashi. This
is indicated by the occurrence of beds of marginal
marine to nonmarine origin of the Tallahatta resting
upon Bashi strata of marine origin both in eastern
Alabama and western Georgia. The time break
between these two units is one of the longest in the
Paleogene (3-4 m.y.), consisting of much of early
Eocene time (fig. 2).
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Lithology and thickness of the Bashi Marl Member of the Hatchetighbee Formation

in eastern Alabama and western Georgia. Representative stratigraphic sections
are from outcrops and core holes as shown on location insert. Note general
thinning pattern to south and southwest.

In most outcrops, the basal part of the Tallahatta
rests in channels on the upper surface of the Bashi.
Updip, the lower part of the Tallahatta consists of
medium to coarse sand that is commonly gravelly
and crossbedded and contains a prominent bed of
clay clasts at or nearits base. The channels in which
these deposits rest are of marginal marine to possi-
bly fluvial origin in the northern updip areas. A
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cristobalitic clay unit 1.0-1.5 m thick, plus several
thinner beds, each less than 0.3 mthick, is present6
m or more above the base. Downdip sections con-
tain sand that is finer grained and commonly fossi-
liferous,and sandy limestones.

The Tallahatta Formation was placed in the lower
part of the middle Eocene by Toulmin (1977). Cal-
careous nannoplankton and foraminiferal assemb-
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River area and the global sea-level curves proposed by Vail and others (1977).

lages in the study area are too poorly preserved for
more precise dating, although sporomorphs in the
clay indicate a middle Eocene age.

SUMMARY

Six transgressive cycles of varying geographic
extent are preserved in the lower Paleocene through
lower middle Eocene strata in this part of the
Southwest Georgia Embayment (fig. 2). The extent
of the transgressions is interpreted from the distri-
bution of the marine facies and from the transition
point of marine to marginal marine facies within a
formation. The greatest marine incursions took
place in the early Paleocene (Clayton Formation
and Porters Creek Clay), in the later part of the late
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Paleocene (basal part of the Tuscahoma Sand), and
in the earliest Eocene (Bashi Marl Member). Lesser
transgressions took place in the middle part of the
late Paleocene (Nanafalia Formation) and the early
part of the middle Eocene (Tallahatta Formation).

All the transgressive cycles are separated by
depositional breaks, the greatest being the break
between the Bashi and Tallahatta which encom-
passes much of the early Eocene. Visually, the most
striking erosional interval occurs between the Nana-
faliaand underlying Clayton Formation and Porters
Creek Clay; during this interval, the Porters Creek
was largely stripped from the area, and an extensive
karst topography formed upon the Clayton. Al-
though the total thickness of lower Paleogene strata



totals only about 150 m, much of Paleocene and
earliest Eocene time is represented by these strata.

The supply of clastic material into the basin dur-
ing the Paleocene to middle Eocene was limited. A
significant amount of clastic detritus was broughtin
only during the deposition of the Tuscahoma inthe
late Paleocene, and lesser amounts were deposited
in the Tallahatta and Porters Creek. Marine faciesin
other units consist largely of carbonate deposits
(Clayton), glauconite (Nanafalia), or fine clastic
deposits that thin into the basin (Bashi). Apparently,
lagoonal environments behind bars trapped much
of the clastic material as indicated by the kaolinitic
clays in the Nanafalia Formation and extensive
thinly bedded silt and clay in the Tuscahoma.

IMPLICATIONS

The times of transgression in the eastern Gulf
Coastal Plain as interpreted in the Chattahoochee
River area agree 1n general with those times of high
sea level found on a global scale by Vail and others
(1977); however, some differences in the patterns
suggest the effect of a regional overprintin the east-
ern Gulf area (fig. 7). The similarities between the
Chattahoochee area pattern and the global patterns
of Vail and others (1977) are as follows.

1. A major transgression in the early Paleocene,
of greater extent than any other in the lower
Paleogene.

2. A major regression near the boundary between
the early and late Paleocene followed by a trans-
gression in the late Paleocene of lesser extent than
that of the early Paleocene-

3. A small regression near the Paleocene-Eocene
boundary-

4. A significant regression at the end of the early
Eocene followed by atransgressionin the early part
of the middle Eocene of a lesser extent than that of
the early Eocene.

The differences between the pattern for the Chat-
tahoochee River area and the global one are as
follows.

1. The regression at the end of the early Paleo-
ceneis foundin zone NP3 by Vail and others (1977);
in the Chattahoochee River area, marine deposition
continues across this boundary and into zone NP4,
atime of significant regressioninthe Vail and others
(1977) chart (fig. 7).

2. The global pattern of Vail and others includes
zone NP9 as a time of significant transgression; in
the Chattahoochee area, zone NP9 is a regressive
sequence following a widespread transgression in
the beginning of this zone.

3. The Chattahoochee area has a significant
transgression in zone NP10, but the remainder of
the early Eocene is represented by a widespread
regression; this pattern is in contrast to the con-
tinued high stand of sea level throughout the early
Eocene noted by Vail and others.
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The patterns in the Chattahoochee River area are
similar to those found in the remainder of the east-
ern Gulf Coastal Plain according to the compilation
by Toulmin (1977). Pitman (1978) suggested a ser-
ies of factors, including the rate of sediment supply,
that might influence sea-level changes. The thin-
ness of most of the Paleogene formations in this
area suggests that differences in rate of sediment
supply were minimal; the main exception to this is
found in the Tuscahoma Sand where a relatively
thick clastic wedge coincides with a regression
pattern. Therefore, pending further data, it appears
that regional changes in rates of subsidence caused
the eastern Gulf Coast to have patterns of sea-level
changes in the Paleocene and Eocene that are
somewhat different from the generalized global
pattern of Vail and others (1977).
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ABSTRACT

Unpublished lithostratigraphic and biostratigraphic
data from a subsurface stratigraphic reconnaissance of
the coastal counties of Georgia and South Carolina, in
conjunction with published subsurface data, have pro-
vided a basis for describing the onshore Cretaceous and
Paleogene stratigraphic framework of the Southeast
Georgia Embayment. Onshore, in the broadest sense, the
Southeast Georgia Embayment is a southeast-plunging
sedimentary basin bounded in southern North Carolina
by the Cape Fear arch and in Georgia and northern Flor-
ida by the central Georgia uplift and the Florida peninsu-
lararch. Above a "basement” that includes rocks possibly
as young as Early (?) Jurassic, Upper Cretaceous sedi-
ments reach a maximum thickness of about 675 m at the
basin axis and a minimum of about 375 m on the Cape
Fear arch (at the coast) and on the peninsular arch. Sam-
ples from the studied wells yielded no fossil evidence to
support either a Jurassic or an Early Cretaceous age for
any Coastal Plain sediments, whereas late Cenomanian
pollen, foraminifers and calcareous nannofossils were
found at or near basement in many wells. Upper Cretace-
ous Cenomanian strata (125-180 m thick) are confined to
the subsurface in the central part of the embayment and
are absent in the updip outcrop areas of eastern Georgia,
South Carolina, and the Cape Fear arch, They also are
absentorthin (0-100m) inthe subsurface on the peninsu-
lar and Cape Fear arches. An unconformity of large but
uncertain magnitude, perhaps representing most of the
Turonian and Coniacian Stages, separales Cenomanian
beds from younger strata throughout the embayment.
Sediments of Santonian to possibly earliest Campanian
Age are widespread across the embayment (30-125 m)
and are the oldest Cretaceous beds to cover mos! parts of
the arches and the upper Coastal Plain. Cyclical marine
strata of Campanian to middle Maestrichtian Age are
widespread in the subsurface (250-350 m) and cropouton
the Cape Fear arch.

Paleocene (Danian and Thanetian) terrigenous clastic
sediments become increasingly calcareous and thicken
from a wedge-out contactin their outcrop belt on the flank
of the Cape Fear arch to about 100 m near Charleston,
S.C., andreach a maximum thickness of about 200 to 230
m in eastern Georgia, Near the coast, carbonate sedi-
ments of Eocene age (Ypresian to Priabonian) thicken
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from a wedge-out contact in their outcrop belt in east-
central South Carolina to about 130 m near Charleston
and exceed 400 m in eastern Georgia. Thin sequences of
calcareous Oligocene sediments (0-60 m) are apparently
present throughout much of the subsurface study area,
but are poorly defined lithologically and paleontologi-
cally outside the Charleston area.

INTRODUCTION

Prompted by the increasing interest in the oil and
gas potential of offshore areas in the Southeast
Georgia Embayment, this report represents a pre-
liminary effort at establishing a moderately detailed
litho- and biostratigraphic framework for the sub-
surface Cretaceous and Paleogene sediments of the
onshore part of the embayment. Forthe purposes of
this report, the Southeast Georgia Embayment is
defined in its least restricted sense as that onshore
area bounded on the northeast by the Cape Fear
arch, on the northwest by the Fall Line, and on the
southwest by the Florida peninsular arch and the
central Georgia uplift (fig. 1). In attempting to erect
a stratigraphic framework for such a large area, we
decided that a single cross section would be drawn
along the modern coast (fig. 1, section A-A’) using
published data and data potentially available from
an examination of samples from deep wells. In all,
samples from 12 wells were examined, and geo-
physical logs and published data were considered
from about twice that number (table 1). Of the 12
wells, two are continuously cored test holes: Club-
house Crossroads #1, Dorchester County, South
Carolina; and Davis-Hopkins #1, Wayne County,
Georgia.,

Inthe sampled wells, cuttings or cores were exam-
ined to construct a gross lithologic log which was
compared with the existing geophysical logs to
establish a lithostratigraphic framework. In those
wells, samples were also examined for Tertiary cal-
careous nannofossils, Cretaceous calcareous nan-
nofossils and planktic foraminifers, and Cretaceous
pollen. The Tertiary nannofossil zonation used in
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Figure 1. Map of the Southeast Georgia Embayment showing contoured depths (m) below mean sea level to the
pre-Cretaceous surface. The studied deep wells (in part numbered along cross section A-A-") are shown
along the coast in South Carolina and Georgia and in western Georgia. Major structural features are
labeled. Structure contours modified in part from Popenoe and Zietz (1977).

Table 1. Deep boreholes used in this report.

[Detailed tocations and related information may be found in Applin and Applin (1967),
Brown and others (1978), and Gohn and others (1978a, b; 1979)]

Borehole County New data’ Total Depth (m)
1. Calabash water well Brunswick, N.C. F, Cu 407
2. Myrtle Beach-10th Avenue water well Horry, S.C. F, Cu 436
3. Penny Royal water well Georgetown, S.C. F, Cu 248
4. Estherville Plantation water well Georgetown, S.C. 560
5. lsle of Palms water well Charleston, S.C. 691
6. U.S.G.S. Clubhouse Crossroads #1 Dorchester, S.C. F. Co 792
7. Kiawah island water well Charleston, S.C. 698
8. Fripp Island water well Beaufort, S.C. F, Cu 966
9. Parris Island #2 water well Beaufort, S.C. 1053
10. Pooler #1 water well Chatham, Ga. 1038
11. Larue-Jelks and Rogers #1 Liberty, Ga. 1300
12a. W.K. Davis-C.D. Hopkins #1 Wayne, Ga. F, Co 968
12b. W.K. Davis-C.D. Hopkins #2 Wayne, Ga. F, Cu 1332
(data combined with 12a)

13. Pan American-Union Camp #1 Glynn, Ga. F, Cu 1353
14. Humble-Union Bag Camp Paper #ST-1 Glynn, Ga. F, Cu 1412
15. California-J.A. Buie #1 Camden, Ga. 1515
16. Pan American-Union Camp #B-1 Camden, Ga. F, Cu 1430
17. Hunt-H.L. Hunt #1 Baker, Fla. 1021
18. Stanolind-J.H. Pullen #1 Mitchell, Ga. Co 2283
19. Dunlap-Saunders Co. #1 Seminole, Ga. F, Cu 2163

'— Unpublished fossil identifications (F); lithologic data from cuttings (Cu) and cores (Co)
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this report follows that of Bukry (1973, 1975, 1978),
Gartner (1971), and Martini (1971). The Cretaceous
planktic foraminiferal zonation follows that pro-
posed by Pessagno (1967) and Smith and Pessagno
(1973); modifications are in progress. The Mesozoic
calcareous nannofossil zonation follows a modified
version of the zonation proposed by Thierstein
(1976). The palynological zonation follows that
proposed by Brenner (1963), Doyle (1969), Sirkin
(1974), and Wolfe (1976), which has been modified
by Doyle and Robbins (1977) and Christopher (in
press; see Christopher, this volume, for an outline of
this zonation). Ostracodes, dinoflagellates, Cre-
taceous mollusks, and Tertiary pollen were also
examined from various parts of the two cored wells
(Hazel and others, 1977, F.E. May, unpublished
data; N.O. Frederiksen, unpublished data).
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PRE-CRETACEOUS SURFACE

Figure 1 shows the overall configuration of the
Southeast Georgia Embayment and structure con-
tours on the pre-Cretaceous surface. From the
broad Cape Fear arch, the pre-Cretaceous surface
dips to the south through South Carolina and steep-
ens abruptly in southeastern Georgia. From that
area, the surface rises again on the peninsular arch
and central Georgia uplift. This deepest part of the
embaymentin Glynn and Camden Counties, Geor-
gia, is referred to as the Southeast Georgia Embay-
ment in the restricted sense of many authors.
Thicknesses of the Coastal Plain section reflect the
depths of the pre-Cretaceous surface, about 400 to
500 m of sediments being found along the coast on
the Cape Feararch, 900to 1,000 m on the peninsular
arch,andamaximum of about 1,500 m in southeast-
ern Georgia.
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PREVIOUS INVESTIGATIONS

A detailed review of the many studies of Coastal
Plain sediments in South Carolina, Georgia, and
northern Florida is beyond the scope of this report;
only the most important investigations of subsur-
face stratigraphy in that area are listed here. Histori-
cally, the much thicker stratigraphic section in
Georgia and northern Florida has attracted more
exploratory drilling than has the generaily thinner
section in South Carolina. By 1974, about 148 oil
tests had been drilled in Georgia (Pickering, 1974),
whereas only 11 have ever been drilled in South
Carolina (Olson and Glowacz, 1977). Stratigraphic
studies in South Carolina and adjacent areas in
Georgia have therefore had to rely on data from
deep water wells.

In South Carolina, early studies of subsurface
stratigraphy include those by Stephenson (1914),
Cooke (1936), Mansfield (1937), Richards (1945),
and McLean (1960). More recent ground-water stu-
dies that present stratigraphic data include those by
Siple (1969, 1975) and Zack (1977). Recent strati-
graphic studies include those by Valentine and
Poag (1976), Zupan and Abbott (1976), Hazel and
others (1977), and Gohn and others (1977, 1978a,
1978Db).

The section in Georgia has been more extensively
studied; important among the reports on this area
are those on Cretaceous stratigraphy by E.R. Applin
and P.A. Applin (Applin, 1955; Applin and Applin,
1947, 1964, 1965, 1967). Other papers providing
stratigraphic data include those by Hurst (1960),
Herrick (1961), Herrick and Vorhis (1963), Chen
(1965), Marsalis (1970), Cramer (1974), Brown
(1974), and Gohn and others (1979).

New regional syntheses of subsurface strati-
graphic data are also available and provide a broader
perspective to the study of stratigraphy in the South-
east Georgia Embayment. Important among these
recent summaries are papers by Maher and Applin
(1971), Valentine (1979), and Cramer and Arden
(this volume) for the Cretaceous and Tertiary sec-
tions, and by Brown and others (1978) for the Cre-
taceous. Stratigraphic studies of the COST GE-1
well (Amato and Bebout, 1978; Scholle, 1979) pro-
vided the first detailed account of the Mesozoic and
Cenozoic sections in the offshore part of the
embayment.

CRETACEOUS SYSTEM
Basal beds
The oldest sequence of Coastal Plain sediments

on the cross section is a thin and discontinuous
layer of unfossiliferous sand and clay informally
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referred to here as the basal beds (grouped with
Cenomanian beds on fig. 2). The basal beds typi-
cally consist of red, yellow, or brown sandy clay and
feldspathic medium- to very coarse-grained sand.
Along the line of the cross section, these beds are
thickest, about 60 m, near the South Carolina-
Georgiaborder, and they are confined principally to
the central part of the embayment. They do not
cross the higher parts of the Florida peninsular arch
(Applin and Applin, 1965, 1967), and they probably
cross the Cape Fear arch only near the coast.
Depending upon which of their reports is consulted
(Applin and Applin, 1947, 1965, 1967; Applin, 1955),
the Applins assigned these beds either to the undif-
ferentiated Lower Cretaceous Series or to the lower
member of their Atkinson Formation (Cenoman-
ian). Cramer (1974) assigned these beds in Georgia
to the undifferentiated Lower Cretaceous Series.
Brown and others (1978) typically include these
beds in the Unit F (Albian to lower Cenomanian).
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The traditional Early Cretaceous age for these
basal beds is derived primarily from their apparent
lithologic continuity with a much thicker section of
similar sand and clay in southwestern Georgia
(Applin and Applin, 1965; Cramer, 1974). However,
to our knowledge, no fossils have ever been
reported from this unit anywhere in Georgia or
South Carolina, nor did we find any in our samples
from eastern Georgia other than obvious cavings.
However, during the present study, samples exam-
ined from the thick Lower (?) Cretaceous sectionin
the Dunlap-Saunders #1 well (well 19, fig. 1) in
extreme southwestern Georgia (Seminole County)
were found to contain pollen indicative of zone IV of
late Cenomanian Age (Christopher, this volume), as
well as long-ranging calcareous nannofossils. An
equal or greater number of pollen and microfossil
species indicative of post-Cenomanian Cretaceous
and Tertiary age are also present in the same sam-
ples. Splits of cores from the Lower (?) Cretaceous
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Figure 2. Stratigraphy of the subsurface Coastal Plain sediments along the line of section A-A’ in figure 1.

Numbered wells are listed in table 1.
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section in the Stanolind-Pullen #1 well in south-
western Georgia (well 18, fig. 1) were also examined
but were found to be barren of pollen and calcare-
ous fossils. Because the Dunlap-Saunders samples
are cuttings and contain some obvious evidence of
downhole contamination, the late Cenomanian Age
cannot be readily accepted at present for the tradi-
tional Lower Cretaceous sequence (basal beds).
Age determinations for vertically adjacent beds in
eastern Georgia and South Carolina indicate only
that the basal beds of this report are the same ageor
older than overlying late Cenomanian fossils, and
the same age or younger than underlying basalt
flows and associated continental red beds of Late
Triassic and (or) Early Jurassic age (Gohn and oth-
ers, 1978c; Chowns, this volume).

Upper Cretaceous Series
Cenomanian Stage

Above the basal Cretaceous beds of uncertain
age is a thicker late Cenomanian-(middle Eagle-
fordian)-Age sequence of calcareous, dark sandy
orsilty clay (clay lithofacies) and a laterally equival-
ent sequence of reddish, feldspathic, coarse-
grained sand and associated reddish clay (sand
lithofacies) in the central part of the embayment
(fig. 2). The clay lithofacies constitutes most of the
southern part of this unit; a fower and possibly an
upper clay tongue extend into South Carolina
(Gohn and others, 1979). In South Carolina and
northeastern Georgia, the same lithofacies
dominates.

The upper Cenomanian strata are thickest, about
180 m, near the South Carolina-Georgia border and
thin toward both arches. Probably only the sand
lithofacies crosses the Cape Fear arch and does so
only near the coast. Similarly, only a thin sequence
of the clay lithofacies in Georgia and northern Flor-
ida crosses the peninsular arch; this unit is locally
absent, asshownin the Hunt #1 well (well 17, fig. 2),
where Santonian-Age sediments rest upon Paleoz-
oic rocks (see also Applinand Applin, 1967, plate 3).

Applin and Applin (for example, Applin and
Applin, 1967) traditionally assigned all these beds to
the lower and upper members of their Atkinson
Formation. The Applins assigned a Woodbinian Age
to the lower member of the Atkinson and an Eagle-
fordian Age to the upper member, primarily on the
basis of benthic foraminifera. This age assignment
is herein considered to represent the European
middle Cenomanian to Turonian Age. Hazel (1969)
noted the reported occurrence of two late Ceno-
manian guide fossils in the lower member of the
Atkinson Formation; the ostracod Cythereis eagle-
fordensis Alexander was reported by Swain and
Brown (1964), and the planktic foraminifer Rotali-
pora cushmani (Morrow) was reported by Applin
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(1955). Hazel suggested, therefore, that the lower
member is of late Cenomanian (middle Eaglefor-
dian) Age. Brown and others (1978) placed most of
the sediments assigned herein to the Cenomanian
Stage in their Units F (Fredericksburgian to Washi-
tan), E (Woodbinian), and D (Eaglefordian), thereby
suggesting Albian through Turonian Age.

In the wells studied for this report, strata of Cen-
omanian Age are of nonmarine and shallow or mar-
ginal marine character. Although planktic forami-
nifers are rare and consist almost entirely of
globigerine forms, species such as Guembelitria
harrisi Tappan and Globigerinelloides caseyi (Bolli,
Loeblich, and Tappan), as well as Hedbergella brit-
tonensis Loeblich and Tappan and H. delrioensis
(Carsey), provide strong evidence for a late Ceno-
manian Age. Distinctive and diverse calcareous
nannofossil floras, including Lithraphidites alatus
Thierstein, Parhabdolithus asper (Stradner), and
Podorhabdus albianus Black further confirm a
Cenomanian Age for these strata.

Several pollen species considered guide fossils to
the late Cenomanian pollen zone IV were also
observed in the coastal wells. Among the more
diagnostic forms are Atlantopollis verrucosa (Groot
and Groot) Goczan, Groot, Krutzsch, and Pacltova,
and numerous species of Complexiopollis. (Chris-
topher, this volume, provides a more complete dis-
cussion of the palynological characteristics of
upper Cenomanian strata in the southeastern Uni-
ted States.)

Turonian Stage

Specific fossil evidence for the presence of sedi-
ments of Turonian (late Eaglefordian) Age was not
found in any of the studied wells. The presence of
sediments containing late Cenomanian pollen and
calcareous micro- and nannofossils immediately
below sediments containing Santonian pollen and
calcareous fossils in many wells suggests that the
Turonian Stage is unrepresented onshore in the
Southeast Georgia Embayment. Hazel and others
(1977) noted this stratigraphic pattern in the Club-
house Crossroads #1 core and commented that the
late Eaglefordian was a time of widespread regres-
sion in the eastern Gulf coastal and Atlantic coastal
areas. Christopher (this volume) discusses the
absence of sediments representing the Turonian
and most of the Coniacian Stages in Cretaceous
outcrop areas of Georgia.

In contrast, Valentine (1979, personal commun.,
1979) interpreted Turonian sediments as being
present atthe bottom of the Fripp Island well (well 8
of this report) in South Carolina on the basis of the
concurrence of the calcareous nannofossils Eiffelli-
thus eximius (Stover) and Corrolithion achylosum
(Stover). Samples at the bottom of this well also



contain late Cenomanian pollen and are included
herein with the Cenomanian Stage. In the offshore
part of the embayment, in the COST GE-1 well,
Valentine (1979) and Poag and Hall (1979) have
recognized a moderately thick Turonian section
and no Cenomanian sediments. Brown and others
(1978) recognized the presence of their Unit D of
middle and late Eaglefordian Age (Turonian of their
report) in many of the wells described herein. These
sediments contain late Cenomanian fossils in sev-
eral wells and have been included in the Cenoman-
ian Stage in our report.

Coniacian Stage

Sediments of Coniacian (early Austinian) Age are
questionably present onshore in the Southeast
Georgia Embayment. The presence of Santonian
sediments in some of the studied wells was deter-
mined in large part by the presence of pollenindica-
tive of pollen zone V. At present, the boundaries of
zone V can be defined only to the degree that the
zone is known to represent the Santonian Stage, but
it may also include the earliest Campanian and
some unknown, perhaps small fraction of the Coni-
acian. Given these constraints, some Coniacian
sediments may be present, but they cannot be tem-
porally or lithologically distinguished from overly-
ing Santonian beds. Therefore, a Coniacian unit is
not shown separately in figure 1, although some of
the basal Santonian sediments may actually be
Coniacian. In the studied wells, sediments assigned
by Brown and others (1978) to their Unit C (Austi-
nian) potentially include any Coniacian sediments
that may be present. Valentine (1979) showed Coni-
acian sediments grouped with Santonian sediments
in the Fripp Island well, and Valentine (1979) and
Poag and Hall (1979) recognized a Coniacian unitin
the COST GE-1 well.

Santonian Stage

A subsurface marine unit consisting of fossilifer-
ous silty clay, carbonaceous clay, and coarse-
grained sand principally of Santonian Age is wide-
spread across the embayment, Sediments of this
age are the oldest Cretaceous beds to cover the
arches completely and to reach the vicinity of the
Fall Line in the embayment. This section consists of
terrigenous clastic sediments throughout South
Carolina and Georgia but changes to a dominantly
carbonate facies in northern Florida. On the cross
section (fig. 2), the Santonian sediments range in
thickness from about 30 m in parts of South Carol-
ina to as much as 125 m in eastern Georgia.

An assignment of possibly late Coniacian, cer-
tainly Santonian, and possibly earliest Campanian
Age (collectively a middle to late Austinian Age) is
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derived from samples from many wells containing
pollen, planktic foraminifers, and calcareous nan-
nofossils. Within the onshore Southeast Georgia
Embayment area, beds of Santonian Age stratigra-
phically represent the oldest sediments to containa
rich and diverse microfauna and nannoflora. Plank-
tic foraminifers are represented by numerous
keeled species assignable to the genus Margino-
truncana, includng abundant M. concavata s.l.
(Brotzen), one of the particularly distinctive species
indicative of strata of Santonian Age. Calcareous
nannofossil floras are especially diverse, most sam-
ples containing 50 or more species. Samples con-
taining Marthasterites furcatus (Deflandre), Lithas-
trinus grillii Stradner, L. floralis Stradner, and
Tetralithus obscurus Deflandre are common through-
out the embayment area and are diagnostic for
strata of Santonian Age. Palynologic assemblages
are also rich and diverse in this unit. Forms diagnos-
tic of pollen zone V include Porocolpopollenites
spp., Holkopollenites spp., Nyssapollenites spp.,
and others (see Christopher, this volume).

Sediments assigned herein to the Santonian
Stage have been interpreted in a similar manner by
Brown and others (1978) and by Valentine (1979).
The outcropping Cape Fear, Middendorf, and basal
partof the Black Creek Formations in the Cape Fear
arch area, and much of the outcropping sediment
traditionally assigned to the Middendorf and “Tus-
caloosa” Formations in the upper Coastal Plain of
South Carolina and eastern Georgia are also of San-
tonian Age (Christopher and others, 1979; Chris-
topher, this volume).

Campanian and Maestrichtian Stages

Above the Santonian section, cyclical marine
beds of early Campanian to middle Maestrichtian
(Tayloran-Navarroan) Age are widespread through-
out the subsurface in the Southeast Georgia
Embayment. Shelly clay and clayey sand are typi-
cally repeated in 40- to 80-m-thick, upward-
coarsening cycles that represent repeated trans-
gressions and regressions in South Carolina and
northeastern Georgia. South of the present-day
Altamaha River, these terrigenous clastic sediments
are replaced by laterally equivalent carbonate sed-
iments of similar age. Both the terrigenous clastic
and carbonate sections maintain a fairly constant
thickness across the embayment; thicknesses typi-
cally range from 250 to 350 m.

The lower Campanian section typically consists
of one relatively thick cycle that is readily distin-
guished from younger Cretaceous cycles (Gohn
and others, 1978a, 1979). Similarity of lithologies,
downhole caving of fossils and cuttings and
carbonate-sediment recrystallization make tem-



poral and lithologic division of the late Campanian
and Maestrichtian cycles difficult in many of the
studied wells.

The younger part of the carbonate section was
included by Applin and Applin (1967) in the Lawson
Limestone. The terrigenous clastic sediments crop
outonthe Cape Feararch where they constitute the
Peedee and upper part of the Black Creek Forma-
tions. The sediments assigned herein to the Cam-
panian and Maestrichtian Stages have, in general,
also been assigned to these stages by Brown and
others (1978), Valentine (1979), Applin and Applin
(1967), and Maher and Applin (1971).

The sediments of Campanian and Maestrichtian
Age contain a well-preserved and diverse calcare-
ous nannofossil flora which has permitted a detailed
biostratigraphic zonation and refined correlation of
these sediments in wells where downhole contami-
nation of cuttings and sediment recrystallization are
not extensive. These sediments also contain
abundant planktic foraminifers including numerous
keeled forms assignable to the genera Globotrun-
cana and Globotruncanella, as well as abundant
nonkeeled Rugoglobigerina and Archaeoglobiger-
ina. Species diagnostic of upper Maestrichtian
strata, including Abathomphalus mayaroensis
(Bolli), A. intermedia (Bolli), and Pseudotextularia
intermedia de Klasz, have not been observed in any
of our sampled material. The absence of these spe-
cies, among others, indicates that strata of late
Maestrichtian Age were erosionally removed during
latest Maestrichtian and early Danian time or were
never deposited, resulting in a widespread and per-
sistent unconformity extending throughout the Gulf
and Atlantic Coastal Plain area. Among the Cam-
panian and Maestrichtian pollen species observed
inthese sediments are Plicapollis usitatus Tschudy,
Osculapollis aequalis Tschudy, Endoinfundibula-
polis distinctus Tschudy, and several forms consi-
dered by Wolfe (1976) as indicative of Campanian
and (or) Maestrichtian Age (for example, his mor-
photypes MPH-1, MPH-2, NO-2, NO-3, and others).

TERTIARY SYSTEM
Paleocene Series

Paleocene sediments of both Danian and Thane-
tian (Midwayan to early Sabinian) Age thicken, as
shown on figure 2, from their outcrop belt on the
flank of the Cape Fear arch in South Carolina
toward Georgia. The Paleocene section is thickest,
about 200 to 230 m, in northeastern Georgia and
southern South Carolina; a depositional hinge line
in South Carolina (between wells 7 and 8) corres-
ponds to the change from terrigenous clastic (nor-
theast) to carbonate (southwest) sediment deposi-
tion in the Thanetian. The Danian section is
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composed essentially of marine terrigenous clastic
sediments southward to the latitude of the present-
day Altamaha River, where that section becomes
increasingly calcareous. The Paleocene section in
southeasternmost Georgiais very sparingly fossilif-
erous, and because of the difficulty in recognizing
temporal and lithostratigraphic units in this heavily
recrystallized carbonate section, the stratigraphic
interpretations of the Tertiary section have not been
extendedto the south any father than about well 13,

Recognition of Paleocene sediments in the stu-
died wells by means of calcareous nannofossils is
relatively simple, although the use of cuttings in
most wells makes determination of individual zones
tenuous because of downhole contamination. Poor
preservationin many of the samplesis an additional
complication. These problems are compensated
for, in part, by the study of samples from the two
coreholes (wells 6 and 12a). The oldest definitely
recognizable Paleocene sediments are approxi-
mately equivalent to Martini’s (1971) zone NP3
(Danian, but not oldest Danian) on the basis of the
lowest occurrence of Chiasmolithus consuetus
(Bramlette and Sullivan). The first evolutionary
occurrence of Toweijus craticulus Hay and Mohler
marks the base of zone NP4. Zone NP5 may be
missing in Georgia and southern South Carolina,
whereas there is some evidence for its presence
farther north in South Carolina on the basis of the
firstevolutionary occurrence of the genus Fasciculi-
thus. The lowestoccurrence of Heliolithus kleinpelli
Sullivan coincides with the base of zone NP6. The
base of zone NP7, which is usually determined by
the evolutionary appearance of the genus Discoas-
ter,is unidentifiable in the study area because of the
paucity of these forms. The zone NP8 marker Helio-
lithus riedeli Bramlette and Sullivan is notcommon,
and because of the poor preservation of the nanno-
fossils in most wells examined, it is rarely observed.
Discoaster multiradiatus Bramlette and Riedel, the
marker forzone NP9, is consistently present in small
numbers in samples from Georgia and most of
South Carolina, butin northern South Carolina, this
zone, and perhaps younger zones, apparently are
absent.

Eocene Series
Ypresian Stage

Ypresian (upper Sabinian) sediments make up a
persistent stratigraphic unit that maintains a regular
thickness, typically less than 20 m, from its outcrop
belt in eastern South Carolina southwestward to at
least the Altamaha River. The unit consists primarily
of glauconitic impure limestone that marks the
beginning of a period of widespread deposition of
carbonate sediments across the em bayment, depo-
sition that persisted into the Oligocene.



Lower Eocene nannofossil zones NP10and NP11
are missing in all the studied wells. Fairly abundant
nannofossil assemblages indicative of zones NP12
through NP14 are present in Georgia, whereas
probably only zone NP12 is represented in South
Carolina. Typical early Eocene forms observed
include Chiasmolithus grandis (Bramlette and Rie-
del), Cyclococcolithus formosus Kamptner, Dis-
coaster barbadiensis Tan Sin Hok, D. lodoensis
Bramlette and Riedel, Discoasteroides kuepperi
(Stradner), Helicosphaera lophota (Bramlette and
Sullivan), H. seminulum Bramlette and Sullivan
Rhabdosphaera inflata Bramlette and Sullivan,
Sphenolithus radians Deflandre, and Transverso-
pontis pulcher (Deflandre).

Lutetian, Bartonian, and Priabonian Stages

Middle and upper Eocene (Lutetian to Priabonian;
Claibornian and Jacksonian) carbonate sediments
are widespread in the central and southern parts of
the embayment and thicken dramatically from north
to south. Near their wedgeout contact in the Eocene
outcrop beltin South Carolina, these carbonate sed-
iments are about 60to 100 m thick, whereas in east-
ern Georgia they are about 400 m thick. Although
many formations have been recognized in this sec-
tion, these sediments have not been subdivided on
figure 2 because calcite recrystallization and dolom-
itization have obscured many of the primary litho-
logic characteristics and have obliterated most of
the calcareous fossils in many wells.

Accordingly, it is difficult to zone the middle and
upper Eocene sequence in the study area using the
typically sparse and recrystallized calcareous nan-
nofossils orany other fossil group. Calcareous nan-
nofossils indicative of middle and (or) late Eocene
agethatare presentin some wellsinclude Blackites
spinosus (Deflandre and Fert), Cyclococcolithus
reticulatus Gartner and Smith, C. floridanus (Roth
and Hay), Helicosphaera compacta Bramlette and
Wilcoxon, Helicosphaera bramletti (Muller), Dis-
coaster saipanensis Bramlette and Riedel, Isthmoli-
thus recurvus Deflandre, Pemma papillatum Mar-
tini, and Reticulofenestra bisecta (Hay, Mohler,
Wade).

Oligocene Series

During the study, sediments containing Oligo-
cene fossils were found only in wells near Charles-
ton, S.C., although other authors have described
thin Oligocene sections throughout southern South
Carolina and Georgia (for example, Herrick, 1961;
Siple, 1969). Near Charleston, in the Clubhouse
Crossroads #1 core (well 6) and nearby wells, an
irregularly thick unit (0 to 60 m) of calcareous,

!

71

phosphatic clayey sand contains calcareous nanno-
fossils, ostracodes, foraminifers, mollusks, dinofla-
gellates, and pollen of Chattian (late Vicksburgian
to Chickasawayan) Age (Hazel and others, 1977).
No identifiable early Oligocene calcareous nanno-
fossils or other fossils were found in the study area.
On the basis of the nannofossils, the upper Oligo-
cene sediments in the Charleston area may be
assigned to zone NP24. Typical zone NP24 forms
that are present include Cyclococcolithus neo-
gammation Bramlette and Wilcoxon, Discoaster
woodringi Bramlette and Riedel, Helicosphaera sp.
cf. H. carteri (Wallich), H. recta (Haq), Pontos-
phaera clathrata (Roth and Hay), Sphenolithus
ciperoensis Bramlette and Wilcoxon, S. distentus
(Martini), and S. predistentus Bramlette and
Wilcoxon.

STRATIGRAPHIC COLUMN AND SUMMARY

Figure 3is a geologic column that summarizes the
stratigraphic distribution of subsurface Cretaceous
and Paleogene depositional sequences in the
onshore part of the Southwest Georgia Embayment.
The relationships shown between European and
North American Provincial Stages are modified
from Hazel and others (1977) and from Hardenbol
and Berggren (1978).

Viewing the coastal Georgia-South Carolina
cross section as a whole, virtually all the units are
thicker in Georgia than in South Carolina and are
thicker on the peninsular arch than on the Cape
Fear arch, thereby giving a considerable asymmetry
tothe embayment. In the area of thickest sedimenta-
tion in Glynn and Camden Counties, Georgia, the
section consists of roughly 50 to 60 percent Tertiary
sediments, well over half of which are Eocene car-
bonate rocks. The post-Eocene section consists
primarily of upper Oligocene beds in the Charles-
ton, S.C. areaand primarily of Miocene sedimentsin
southern South Carolina and Georgia. In consider-
able contrast to the stratigraphic sections in the
Salisbury and Raritan Embayments of the northern
Atlantic Coastal Plain (Minard and others, 1974), the
onshore part of the Southeast Georgia Embayment
contains little or no Lower Cretaceous sediment,
relatively thin sections of basal Upper Cretaceous
clastic sediment, and relatively thick and more cal-
careous lower Tertiary sediment.
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Figure 3. Geologic column showing the stratigraphic

distribution of Cretaceous and Paleogene depo-
sitional sequences onshore in the Southeast
Georgia Embayment. Thicknesses of strati-
graphic units and durations of ages are not im-
plied. North (right)-to-south (left) distribution
of terrigenous clastic facies (stippled pattern)
and carbonate facies (limestone pattern) is
shown. Moderate to long periods of nondepo-
sition and (or) erosion are shown by vertical
lines.
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UPPER EOCENE STRATIGRAPHY OF EASTERN GEORGIA

Paul F. Huddlestun and John H. Hetrick
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ABSTRACT

The upper Eocene Barnwell Formation is herein raised
to group status. Three formations of the Barnwell Group
are recognized: the Clinchfield Sand, the Dry Branch
Formation (new name), and the Tobacco Road Sand.
Four members of the Clinchfield Formation are recog-
nized: the Riggins Mill and Treadwell Members of east-
central Georgia, and the Albion and Utley Members of
eastern Georgia. The Dry Branch Formation is divided
into two members, a lower Twiggs Clay Member and an
upper lrwinton Sand Member. An unnamed calcareous

sand/sandy limestone subdivision of the Dry Branch is

recognized in the shallow subsurface of Screven and
northern Effingham Counties, Georgia. The Sandersville
limestone Is recognized as a member of the Tobacco
Road Sand.

The three upper Eocene rock groups in the southeast-
ern United States may best be viewed as lithosomes: a
sand lithosome (Barnwell Group of the south Atlantic
Coastal Plain), a clay lithosome (Yazoo Group of the Gulf
Coastal Plain), and a carbonate lithosome (Ocala Group
of the Florida banks). These lithosomes intertongue in
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central and eastern Georgia. Two tongues of the Ocala
Group are recognized: the lower tongue, the Tivola
Limestone, is present only in the western part of eastern
Georgia and is equivalent to the lower part of the Dry
Branch Formation with which it intergrades both laterally
and vertically. The upper tongue, the Ocmulgee Forma-
tion (new name, previously Cooper Marl) is equivalent to
the Tobacco Road Sand. The Twiggs Clay, thick and
predominating the Dry Branch Formation in the west, is
very thin to absent in the east. The Twiggs Clay probably
represents the easternmost tongue of the Yazoo Group of
the Gulf Coastal Plain. For practical usage in Georgia, the
Twiggs Clay is considered a part of the Barnwell Group.

Three minor sedimentary cycles are represented in the
Barnwell Group: the Clinchfield represents the first sedi-
mentary cycle, the Dry Branch the second cycle, and the
Tobacco Road the last cycle. Sedimentation in each of
these cycles was terminated by a relative lowering of sea
level or stillstand, The greater concentration of cut and fill
channel sands in the middle of the Dry Branch may indi-
cate a third very minor event.
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ABSTRACT

Upper Jurassic Smackover deposition in southwest
Alabama was primarily controlled by the Mississippi Inte-
rior Salt, Manila, and Conecuh Basins and closely approx-
imated carbonate sedimentation in the Persian Gulf. Each
of these basins has distinctive lithofacies and faunal
assemblages. Early salt movement resuited in local varia-
tions in carbonate sediment distribution, and pre-Jurassic
paleo-highs, such as the Wiggins Uplift and Conecuh
Arch, also modified carbonate sedimentation.

Throughout most of southwest Alabama, the Smack-
over Formation consists of alower member which overlies
the Norphlet Sandstone and an upper member which is
overlain by the Buckner Anhydrite. Where present, the
lower Smackover member includes stromatolitic lami-
nated and bioturbated mudstone, fossiliferous wacke-
stone and packstone, and/or dolomite. The upper member
usually consists of odlitic, fossiliferous grainstone, biot-
urbated, pelietal, or fossiliferous mudstone to packstone,
stromatolitic mudstone, and/or dolomite.

Petroleum traps in southwest Alabama are principally
combination traps involving favorable stratigraphy and
saltanticlines, faulted saltanticlines, or extensional faults
associated with salt movement. Reservoir rocks include
oolitic grainstones, leached and dolomitized wacke-
stones, packstones, and grainstones, dolomitized stroma-
tolitic mudstones, and granular dolomite. Porosity is
facies-selective and is preserved chiefly in lithofacies of
the upper Smackover member. The algal stromatolites
that characterize the lower Smackover member and are
interbedded with upper Smackover lithologies through-
out most of southwest Alabama make excellent petroleum
source rocks.

The flanks of the Wiggins-Conecuh trend and updip
Smackover grainstones associated with salt structures
are excellent areas for petroleum exploration in south-
west Alabama. The key to successful prospecting is the
delineation of traps associated with salt movement and
identification of original high to moderate-energy lithofa-
cies that have been leached and/or dolomitized.

INTRODUCTION

Petroleum exploration has increased rapidly in
southwest Alabama since the discovery of petro-
leum in the Gilbertown Field in Choctaw County in
1944. In 1967, only 10 producing oil and gas fields
existed in Alabama, and by 1977, the number of
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producing fields in southwest Alabama alone
increased to 31 (Masingill and others, 1977). The
value of oil, condensate, and gas produced in the
State during 1977 approximated 192 million dollars
(Masingill and others, 1977). The primary explora-
tion target in southwest Alabama has been the
Upper Jurassic Smackover Formation (fig. 1).

PERIOD GROUP OR FORMATION

COTTON VALLEY GROUP

HAYNESVILLE FORMATION

SMACKOVER FORMATION

JURASSIC

NORPHLET FORMATION

LOUANN SALT

WERNER ANHYDRITE

EAGLE MILLS FORMATION

TRIASSIC ?

Figure 1. Jurassic and probably Triassic subsurface

stratigraphy in southwest Alabama.

The geologic factors that make a successful
Smackover petroleum prospect include the petro-
leum trapping mechanism, petroleum reservoir, petro-
leum source rock, and relationship between hydro-
carbon migration and structural deformation.
Regional geologic trends must be understood before
asuccessful Smackover exploration strategy can be
formulated. This research determines the regional
stratigraphic and structural relationships associated
with Smackover deposition and deformation in
southwest Alabama (fig. 2). Regional relationships
are identified through subsurface geological study
utilizing well logs and core materials. Establishment
of the regional trends will help in delineating the
geologic processes controlling Smackover petro-
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leum accumulation. Emphasis has been placed on
the Mobile County area because of the recent petro-
leum discoveries in that area (McCaslin, 1975; Oil
and Gas Journal, 1975).

GEOLOGIC SETTING

Carbonate deposition commonly takes place on
either a “shallow shelf’ (fig. 3) or a “ramp” (fig. 4)
depositional framework. The “shallow shelf’” model
involves a nearly flat platform and a clearly defined
shelf-slope break. Lithofacies are governed by topo-
graphy, with grainstones and boundstones occur-
ring on shoal areas and mudstones and wacke-
stones occurring in lagoons or behind barriers.
Generally, a continuous reef occurs at the shelf
edge. Modern examples of the “shallow shelf” frame-
work include Florida and the Bahamas. Ancient
analogs are the Cretaceous Edwards of Texas, Cre-
taceous El Abra of Northern Mexico, and the Per-
mian Capitan of West Texas and New Mexico (Ahr,
1973).

The “ramp” model is an inclined platform that
extends basinward without a pronounced break in
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Evaporites

Wackestones
Grainstones
Boundstones
Grainstones
Basinal Facies

Mudstones

e Restricted
Platform LOEE00) Open
Platform
Basin
Figure 3. An idealized model for carbonate deposi-

tion in a “shallow shelf” depositional
framework indicating environments of
deposition and textures of carbonate rocks
accumulating in the various environments.

slope. Carbonate lithofacies are not protected by a
shelf-margin barrier and tend to be distributed in
bands which parallel the coastline and reflect the
greater wave and current activity near the shore.
Patch reefs may be developed on local topographic
paleo-highs. Recent examples of the “ramp” frame-
work are the Campeche Bank (Yucatan Peninsula)
and the Trucial Coast of the Persian Gulf. Ancient
analogs are the Jurassic Cotton Valley Formation of
the northwestern Gulf of Mexico and the Jurassic
Smackover Formation from south Texas to Florida
(Ahr, 1973).

Evaporites
Grainstones
Boundstones
Wackestones
Mudstones

Land
Supratidal
Nearshore

Offshore

An idealized model for carbonate deposi-
tion in a “ramp” depositional framework
indicating environments of deposition and
textures of carbonate rocks accumulating
in the various environments.

Figure 4.

The lithofacies distribution associated with the
“ramp” model is affected by topographic highs
which develop on the platform. These topographic
highs may be a result of paleo-highs or salt move-
ment. In the Persian Gulf, Purser (1973) found that
lithofacies patterns are controlled primarily by the
distance between a salt structure and the shoreline.
The highest wave and current activity occurs on the
crest of the salt structures, with a progressive
decrease of energy off the structure. Structures
located basinward tend to have high-energy car-
bonate lithofacies concentrated at their crests and
lower-energy lithofacies distributed in concentric



bands around the structure as a function of depth
and decreasing energy. Topographic highs near the
coast usually have high-energy lithofacies on the
basinward side and low-energy lithofacies on the
shoreward side.

Smackover accumulation in southwest Alabama
closely approximated present-day carbonate sedi-
mentation in the Persian Gulf. The Louann Salt was
primarily responsible in forming the ramp surface. A
regional structure map drawn on top of the Smack-

over illustrates a gentle south to southwest dip for
the formation (fig. 5). This trend is locally inter-
rupted by extensional faults, such as the Pickens-
Gilbertown, Foshee-Pollard, and Jackson-Mobile,
and by salt anticlines, such as the Chatom and
Klepac. Early salt movement resulted in local varia-
tionin carbonate sedimentdistribution. Pre-Jurassic
paleo-highs, such as the Wiggins Uplift and
Conecuh Arch, also modified carbonate sedimenta-
tion (fig. 6).

Be
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Regional structure map on top of the Smackover Formation for southwest Ala-

bama. Faults have been defined by Gary V. Wilson, Alabama Geological Survey.
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from Wilson, fig. 6, 1975).

in the area of study, three probable basins, the
Mississippi Interior Salt, the Manila, and the
Conecuh Basins, are recognizable (fig. 7). These
basins have been delineated on the basis of thick-
ness of the Smackover Formation (fig. 6) and the
depth to basement and basement configuration as
indicated by geophysical gravity anomalies (Wil-
son, 1975, fig. 4). The most westerly basin, which
occurs primarily in Washington and southern Choc-
taw Counties, is an extension of the Mississippi Inte-
rior Salt Basin of eastern Mississippi. The Manila
Basin of eastern Clarke, western and southern Mon-
roe, and northern Mobile and Baldwin Counties, is
named after the town of Manila, which is located
near the apparent center of the basin in eastern
Clarke County (figs. 2 and 7). The most easterly
basin, the Conecuh Basin as defined by Sigsby
(1976), occurs in Escambia and southwestern Bald-
win Counties and extends into northern Florida.
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Regional isopach map of Smackover Formation for southwest Alabama (modified

The Wiggins-Conecuh trend separates the
Conecuh and Manila Basins (fig. 7). Smackover
carbonates thin to less than 100 ft over this structu-
ral trend (fig. 6). Seismic refraction and gravity data
suggest that the Wiggins-Conecuh trend acted as a
stable basement high throughout Smackover depo-
sition (Wilson, 1975). The composition of this base-
ment complex consists of granitic, basaltic, and vol-
canicrocks (Neathery and Thomas, 1975; Neathery,
1979, personal commun). The basement complexis
believed to be acontinuation of the Piedmont struc-
tural trend (Neathery and Thomas, 1975).

The Manila Basin appears to be separated from
the Mississippi Interior Salt Basin by a basement
paleo-high or salt ridge (fig. 7). Smackover carbo-
nates thin to less than 100 ft over this trend located
in northern Mobile, eastern Washington, and west-
ern Clarke Counties (figs. 6 and 7). In the Manila
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Basin and the eastern part of the Mississippi Interior
Salt Basin the Smackover exceeds 400 and 550 ft,
respectively.

STRATIGRAPHY AND LITHOFACIES

The Jurassic section normally present in the sub-
surface of southwest Alabama is shown in figure 1.
The contact between the Smackover and underly-
ing Norphlet Formation in Mobile County is con-
formable, grading upward from dolomitic sandstone
to a silty dolomite. The Smackover conformably
underlies the Buckner Anhydrite Member of the
Haynesville Formation. The contact is gradational
and generally grades from dolomite through inter-
bedded dolomite and anhydrite to anhydrite.

In the study area, the Smackover Formation can
be divided into a lower and upper member, each of
which contains distinctive carbonate lithologies.
Where present the lower member includes stroma-
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tolitic, laminated and bioturbated mudstone, fossi-
tiferous wackestone and packstone and/or dolom-
ite. The upper member usually consists of odlitic,
fossilferous grainstone, bioturbated, pelletal, or
fossiliferous mudstone to packstone, stromatolitic
mudstone and/or dolomite. The contact between
these stratigraphic units is gradational.

Smackover lithofacies are distinctive for three
basins, suggesting that depositional conditions var-
ied among them. The lower member represents
intertidal and subtidal lithofacies that were depos-
ited during a marine transgression which was prob-
ably initiated during late Norphlet time. The upper
Smackover member represents supratidal to subti-
dal deposition. Although numerous shoreline oscil-
lations are evident during deposition of this lithofa-
cies, the overall trend in most of the study area is
regressive. Deposition of the Buckner Anhydrlte
completes the regressive carbonate phase.



The lithofacies observed in the Placid Oil Jackson
No.1 (281 ft ofcore),4 mi north of Toxey, Choctaw
County, Ala., are typical lithologies for the Missis-
sippi Interior Salt Basin (fig. 8). In this core, the
Buckner consists of anhydrite interbedded with
dolomite which is characteristic of supratidal depo-
sition. The upper part of the Smackover is a dolo-
mitic, oncoloidal, fossiliferous grainstone inter-
bedded with dolomitic packstone with calcite
replacing anhydrite laths. Underlying these car-
bonates is a fossiliferous, bioturbated packstone
which grades into an odlitic, fossiliferous, cross-
bedded grainstone containing terrigenous grains.
These lithologies indicate intertidal and subtidal
deposition. The next unit is a fossiliferous, pelletal,
bioturbated, argillaceous, laminated wackestone
which probably accumulated in a subtidal environ-
ment. The lower part of the core consists of an
oblitic, oncoloidal, fossiliferous grainstone inter-
bedded with fossiliferous, bioturbated, stromatolitic
mudstone and pelletal, oncoloidal wackestone.
These lithologies primarily represent intertidal to
subtidal deposition. The mudstone, however, was
occasionally subaerially exposed, as evidenced by
mudcracks and collapse solution-brecciation fea-
tures. The lower Smackover, as observed in well
cuttings (272 ft ) from this dry hole, is an argillace-
ous, laminated mudstone which probably accumu-
lated in intertidal and subtidal environments.

The Smackover lithofacies present in Choctaw
County are similar to those described by Badon
(1974) for Clarke County, Mississippi, and by
Wakelyn (1977) for Perry and Stone Counties, Mis-
sissippi. In Clarke County, Mississippi, 